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Summary 
 
Aim: To determine the accuracy of SEM, ultrasound, thermography and 
photography in predicting pressure ulcer presence. 
 
Method: Systematic review. 
 
Background: Pressure ulcers are areas of skin damage that develop, 
normally over bony prominences, as a result of pressure and shear. 
Pressure ulcers are a healthcare problem that impacts in the individual, 
healthcare system and society. Risk factors such as mobility and 
nutritional status also influence the onset and aggravation of pressure 
ulcers. Thus risk assessment tools can help identify those individuals that 
might present with risk factors for the onset of pressure ulcers. 
Nonetheless, these tools do not allow for the identification of tissue 
changes and for this reason it is necessary to identify other methods, like 
SEM, thermography, ultrasound and photography that might identify 
cellular and underlying tissue changes and predicting the presence of 
pressure ulcers, in order to prevent its further development.  
 
Findings: Following a systematic search of the literature, four SEM, one 
thermography and five ultrasound studies were included in this review. 
Photography was not a method, considering the data in the studies 
retrieved, which allows for the early prediction of pressure ulcer presence. 
SEM and ultrasound were the best methods for allowing a more accurate 
prediction of early pressure ulcer presence. 
 
Conclusion: It can be concluded that SEM and ultrasound are accurate 
on the early detection of pressure ulcers, based on the studies analysed 
and these methods should be further studied and used in practice for the 
prevention of pressure ulcer development.
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Chapter1. Background 
1.1. Introduction 
In the present chapter the writer will give an international and national 
overview of the incidence and prevalence of pressure ulcers and its impact 
on cost and quality of life. Then the writer will give an overview of the 
anatomy of the skin, followed by the definition of pressure ulcers, their 
staging, risk factors for their development and risk assessment tools used 
in practice to identify those at risk of developing a pressure ulcer. Finally 
and taking into account that risk assessment should help healthcare 
professionals in early identification and prevention of pressure ulcer 
development the writer will describe and analyse other methods, besides 
visual assessment and clinical judgement, which can have the potential to 
predict pressure ulcer presence and development, and thus contribute for 
its prevention. These methods include sub-epidermal moisture (SEM), 
ultrasonography, thermography and photography. 
 
1.2. Pressure Ulcer(s) international and national prevalence and 
incidence 
Pressure ulcers are a major healthcare problem with a great impact in the 
individual, the healthcare system and society (Health Service Executive 
(HSE), 2009). Taking into consideration that pressure ulcers are 
associated with high morbidity amongst individuals hospitalised and living 
in the community and are an indicator of the quality of care delivered, it is 
important to analyse prevalence and incidence data to understand the 
scope of the problem of pressure ulcers (Scott et al. 2006, Capon et al. 
2007, Vanderwee et al. 2007, Gallagher et al. 2008, Moore & Cowman 
2011).  
 
Epidemiological studies focusing on prevalence and incidence are 
important to give a better understanding of the real burden of pressure 
ulcers, however it is necessary that reliable methodological designs are 
used, as highlighted by the National Pressure Ulcer Advisory Panel 
(NPUAP), the European Pressure Ulcer Advisory Panel (EPUAP) and the 
Pan Pacific Pressure Injury Alliance (2014) to gather relevant data that 
14 
 
can inform practice and policy makers. This is important to ensure that 
preventive measures can be effectively employed to reduce and prevent 
the occurrence of pressure ulcers.  
 
Internationally the prevalence and incidence of pressure ulcers varies 
between 2.2% - 42.7% and 1.4% - 49%, respectively (Whittington et al. 
2000, Scott et al. 2006, Capon et al. 2007, Vanderwee et al. 2007, 
Keelaghan et al. 2008, Moore et al. 2013a). Focusing on Irish figures, the 
prevalence and. incidence of pressure ulcers varies between 4% - 37% 
and 8% - 14.4%, respectively (Gallagher et al. 2008, McDermott-Scales 
2099, Moore & Cowman 2011, Moore et al. 2013a).  
 
Whittington et al. (2000) in their prevalence and incidence study in acute 
care facilities (n=17,560), found a pressure ulcer prevalence of 15%, whilst 
the incidence was of 7%. This shows that pressure ulcers developed in 
383 patients, raising the question if best practice guidelines, skin and risk 
assessment were being consistently used to try and prevent the 
development of pressure ulcers. In this study the majority of pressure 
ulcers occurred in the sacrum (26%) and coccyx (31%).  
 
In the population based study by Scott et al. (2006), census data between 
1987 and 2000 were analysed to try to understand if the implementation of 
guidelines had had a positive impact on the incidence of pressure ulcers. 
From the data collected per 100.000 in the population, per year the 
incidence of pressure ulcers (primary diagnosis) was 7 to 8.3. In 1987 the 
incidence was between 4.5 and 7.8 while in 2000 the incidence was 
between 3.7 and 8.3. If pressure ulcers were analysed as both primary 
and secondary diagnosis the incidence per 100.000 per year doubled with 
values in 1987 between 7.6 - 34.5 and in 2000 were 8 - 71.6. This data 
shows despite the fact that the study design does not have a robust 
methodological design (NPUAP/EPUAP/PPPIA 2014), use of the 
guidelines had no impact in the reduction of pressure ulcer incidence. In a 
survey across five European countries general pressure ulcer prevalence 
was 18.1% (Vanderwee et al. 2008), prevalence was higher in Sweden 
15 
 
(23%) and lower in Italy (8.3%). Every country except Portugal had a 
majority of stage 1 pressure ulcers, whilst in Portugal 30.6% were stage 3 
pressure ulcers. In relation to pressure ulcer location these occurred 
mainly in the sacrum (28.6%) and heels (26%) (Vanderwee et al. 2008). 
 
In a recent integrative research review by Moore et al. (2013) exploring the 
prevalence and incidence of pressure ulcers across five European 
countries found that mean prevalence was higher in Sweden (25%) and 
lower in Iceland (8.9%). In relation to mean incidence this was higher in 
Sweden (20%) and lower in Denmark (1.8%). In Ireland mean prevalence 
and incidence were 16% and 11% respectively.  
This review also highlights prevalence and incidence figures relative to 
care setting. In the various settings identified mean prevalence was higher 
in the acute-care (20.9%) and hospice (35.7%), while mean incidence was 
also higher in the acute-care (18%) and hospice (20.4%). Like the 
previous studies pressure ulcers occurred mainly in the sacrum and heels. 
 
Focusing on Irish studies, Gallagher et al. (2008) examined 672 adult 
patients in three university hospitals using the EPUAP classification 
system. The authors found that pressure ulcer point-prevalence was 
18.5%, and of the patients with pressure ulcers 76.6% of ulcers were 
hospital acquired. In the multi-site point prevalence survey by McDermott-
Scales et al. (2009) of all the wounds identified the majority were pressure 
ulcers accounting for a prevalence rate of 4%, with stage 1 and 2 being 
the most common. Finally in cross-sectional survey, of long-term care 
settings, by Moore & Cowman (2011) pressure ulcer prevalence was 9%, 
with stage 3 and 4 accounting for 39% of ulcers. Furthermore, pressure 
ulcers were located mainly in the sacrum and heel.  
 
From the international and Irish data presented it is possible to say that 
pressure ulcers prevalence and incidence is generally high, this is an 
important finding especially if one considers that this is a preventable 
health problem. Indeed, prevalence and incidence studies can be used as 
indicators of the quality of care being delivered worldwide. Furthermore, 
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these figures can be used as evidence for healthcare professionals and 
policy makers not only to improve practice and engage in continuous 
professional development, focused on pressure ulcers, but also to develop 
new prevention strategies that can more effectively deal with the problem 
of pressure ulcers. 
 
1.3. Pressure Ulcer(s) impact on cost and quality of life 
Prevalence and incidence figures give a good indication of the burden of 
pressure ulcers. However, it is also important to understand the impact 
that pressure ulcers can have not only on cost but also on individuals and 
families quality of life. 
 
In a study by Bennett et al (2004) the cost of pressure ulcers in a health 
and social care system in the UK varied between £1,064 (for stage 1) to 
£10,551(for stage 4) at 2000 prices. The overall cost of treating pressure 
ulcers was £1.77 million which represents 4.1% of the healthcare system 
expenditure for the 1999/2000 financial year. In this study the authors 
found that the higher the stage of the ulcer the higher the cost of treating it 
and the cost was mainly on nursing time.  
 
In terms of cost Drew et al. (2007) explored the cost of wounds in a local 
population in England and found that the cost of wounds in the period of 
2005-2006 was between £14.74 million and £18.37 million. From a total of 
1644 patients with a total of 2300 wounds, 18.1% were pressure ulcers. If 
one considers the minimum cost for treating wounds was £14.74 million, 
the cost for pressure ulcers alone can be calculated as being around £2.7 
million (this calculation is based on 2300 wounds of which 18.2% are 
pressure ulcers [n=416.3] and does not take into consideration the 
adjustments undertaken later on the study by the authors).  
Furthermore, Drew et al. (2007) identify the resource cost included nursing 
time, dressings and other materials and hospitalisation costs.  
Schuurman et al. (2009) in a cost minimisation analysis, in two hospitals, 
for prevention and treatment of pressure ulcers (both analysed in two 
individual approaches, technical, which involved the use of special 
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mattress and/or dressings/ointments, and human, which involved 
repositioning and mobilisation and was closely related with nursing time) 
concluded that the mean cost of prevention was €13 and €24 per day 
using a technical and human approach, respectively. With respect to 
treatment cost this was analysed in terms of mean cost per intervention 
used, with the mattresses being the most expensive at €11.20 and 
ointment being the least expensive at €1.22. The authors also looked at 
the treatment cost by stage of pressure ulcer per treatment approach, and 
from the data gathered, the higher the stage the higher the cost of 
treatment. However, in stage 3 and stage 4 pressure ulcers the treatment 
using a human approach was more expensive than using a technical 
approach. This is related to the fact that more nursing time was need to 
reposition and mobilise patients and to change dressings. In their analysis 
the cost of treating a stage 3 pressure ulcer was €63 using a technical 
approach and €88 using a human approach. For stage 4 the cost is even 
higher with a technical approach costing €99 and a human approach 
€123.  
Furthermore, the authors also estimate that the annual burden of pressure 
ulcers for the Dutch health system is of €27.5 million per year in terms of a 
technical prevention approach and €63.6 million if a human prevention 
approach is considered. Estimates in relation to treatment show that in 
terms of a technical approach the cost would be €178.8 million and a 
human approach would be €174.5 million. The data from this study shows 
that pressure ulcer prevention is less expensive for healthcare systems 
when compared to treatment, highlighting the fact that there should be a 
greater focus in developing preventive strategies. 
 
A more recent study (Dealey et al. 2012) where the cost of treating 
pressure ulcers in the UK was analysed concluded that the daily cost 
ranged from £43 to £374. Looking at the mean cost per patient and 
considering ulcer stage, the higher the stage the higher the cost. Stage 1 
pressure ulcers mean cost per patient was £1214 and stage 4 was £14 
108. Moreover, if the ulcer was uncomplicated the cost was lower when 
compared with the cost of treating pressure ulcers with critical 
18 
 
colonisation, cellulitis or even osteomyelitis. The authors also found that 
nursing time accounted for 90% of the overall cost of treating pressure 
ulcers.  
 
Finally in an Irish retrospective cost analysis in one acute hospital, the 
total cost of treating one patient with three stage 4 pressure ulcers, 
between the financial year of 2002-2003, was €119.094 (Gethin et al. 
2005). In the same study an audit was conducted and of 78 patients with 
pressure ulcers, 13 had a stage 4 pressure ulcer and the estimated cost of 
treating these 13 patients would be more than €1.5 million. 
 
From what has been discussed it is evident that treating pressure ulcers 
represents a heavy financial burden for healthcare systems, thus 
prevention once again becomes paramount. 
However, besides the financial cost for society and healthcare systems, 
pressure ulcers have a great impact on the individual and their families 
(Hopkins et al. 2006, Spilsbury et al. 2007, Gorecki et al. 2009, Moore & 
Cowman 2009).  This is of particular note when pressure ulcers are not 
the primary health problem, but are a consequence of other acute or 
chronic health problems and in some situations are a result of poor 
healthcare practices. 
Hopkins et al. (2006) in their pilot study explored the experiences of eight 
older people living with pressure ulcers. From their study three main 
themes were identified, endless pain, restricted life and coping with the 
ulcer. In relation to endless pain, individuals identified that pain was 
constant and prevented them from moving and some individuals were 
afraid of moving as movement could worsen the pain. Some individuals 
also suffered from pain due to the effects of the pressure relieving 
equipment. Wound treatment was also identified as causing pain. Findings 
here are supported by another study of Szor & Bourguignon (1999) where 
pressure ulcer pain was evaluated using a quantitative tool, and the 
authors found that of 32 patients, 84%  reported pain at rest and 88% 
reported pain at dressing change. 
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With respect to restricted life, individuals highlighted that pressure ulcers 
had an impact on the concept of ‘self’, as their life was restricted. 
Individuals also reported feeling depressed, worried, powerless and of 
being a burden. Moreover the impact of the pressure ulcer on other family 
members was also impacting negatively on individual’s quality of life. 
Coping with the ulcer was another emergent theme that related to the fact 
that individuals used comparison (with others they considered worse off 
themselves) or acceptance to try and cope with their ulcer. 
 
Spilsbury et al. (2007) used semi-structured interviews to understand the 
patients’ perspectives and experiences of living with a pressure ulcer and 
the impact that these have on their quality of life. The authors interviewed 
23 hospital inpatients, who described that the pressure ulcer had an 
impact on their emotional, mental, physical and social domains. Patients 
referred to the fact that pressure ulcers made them feel depressed, 
miserable and lacking confidence. Additionally, pressure ulcers impacted 
on patients positioning, comfort and everyday activities. Interestingly, pain 
was another negative consequence of having a pressure ulcer.  
In this study Spilsbury et al. (2007), another theme that emerged was 
perceptions of cause of pressure ulcer, and it is interesting to see that ten 
of the participants blamed healthcare professionals for failing to identify 
the early signs of pressure ulcer development. Here is important to 
highlight that risk and skin assessment are essential to prevent the 
development of pressure ulcers.  
 
In a systematic review by Gorecki et al. (2009) on the impact of pressure 
ulcers on quality of life, the themes identified where physical impact and 
limitations, social and psychological impact, impact of pressure ulcer 
symptoms, impact on general health and consequences, impact on others, 
financial impact. Through the themes identified in this systematic review it 
is possible to see that pressure ulcers are a significant burden for the 
individual and family and as such are a serious health problem. 
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Pressure ulcers have a high prevalence and incidence not only nationally 
but also internationally. The development of this preventable health 
problem has a great financial impact on the healthcare system, with 
millions being spent daily in the treatment of pressure ulcers. Although, 
cost is also associated with prevention, this is minimal and justified if it 
could certainly stop the development of pressure ulcers. Furthermore, if 
pressure ulcer development was arrested the impact on patients quality of 
life would also be resolved. However, although developments have been 
made in early identification of pressure ulcers, they still persist. Thus it is 
essential that healthcare professionals, through evidence-based research, 
try and identify new practices that might be valuable in decreasing the 
number of pressure ulcers.  
 
1.4. Pressure Ulcers 
1.4.1. Overview of skin structure 
It is important to have a general overview of the skin normal structure, in 
order to better understand any abnormal occurrences. The skin is the 
largest organ in the body with and area of 1.8m2, it is composed by the 
epidermis, the dermis and the subcutis (Fig. 1) (Gawkrodger & Ardern-
Jones 2012, Graham-Brown & Burns 2011). 
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The epidermis is a stratified squamous epithelium, with four well-defined 
layers and its function is to act as a protective barrier (Gawkrodger & 
Ardern-Jones 2012). The main cells in the epidermis are the keratinocytes 
which produce keratin (Gawkrodger & Ardern-Jones 2012). These cells 
are produced in the deep layers of the epidermis, basal layer, and migrate 
towards the skin surface where they form a tight layer of dead cells the 
stratum corneum. In between the basal layer and the stratum corneum 
there are other two layers, the stratum spinosum and the stratum 
granulosum (Gawkrodger & Ardern-Jones 2012). 
 
The dermis, is the second skin layer, just below the epidermis, and is a 
hard supportive connective tissue matrix intimately connected with the 
epidermis (Gawkrodger and Ardern-Jones 2012). The dermis is mainly 
composed of a network of fibres, collagen and elastin, which give to this 
skin layer strength and elasticity and its principal cellular elements are 
fibroblasts, mast cell and macrophages (Graham-Brown and Burns 2011). 
After the dermis, the last skin layer is the subcutis or subcutaneous layer, 
composed of loose connective tissue and fat, which separates the skin 
from the fascia and muscles (Gawkrodger & Ardern-Jones 2012, Graham-
Brown & Burns 2011). 
Figure 1. Skin representation (In Sterry et al 2006, p.3) 
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It is necessary to have an understanding of the skin structure, because 
this structure is affected by pressure that depending on its intensity, 
duration, and also on other factors, might lead to skin and underlying 
tissue damage and the development of pressure ulcers.  
 
1.4.2. Pressure Ulcers: definition and classification 
Pressure ulcers are defined by the NPUAP/EPUAP/PPPIA (2014) as 
areas of skin damage that can include underlying tissue, and develop 
normally over bony prominences, as a result of pressure alone or pressure 
in conjunction with shear. Other contributing or confounding factors like 
moisture, nutritional status, are also considered to influence the 
development of pressure ulcers however, the importance and impact of 
these factors is still not well-established (NPUAP/EPUAP/PPPIA 2014). 
For pressure ulcers to develop individuals need to be exposed to 
mechanical loading of the skin and underlying tissues, and those who 
suffer from restricted mobility or who are total immobile are particularly at 
risk, as they are not able to alleviate pressure (Bouten et al. 2003). 
 
According to the NPUAP/EPUAP/PPPIA (2014) classification system, 
pressure ulcers can be classified in six categories (see Table 1). Pressure 
ulcers can develop at the superficial skin layers, due to a combination of 
pressure and shear, and progress inwards, or can develop at the deep 
tissue level, with sustained compression of tissue over bony prominences, 
and progress outwards to the surface of the skin (Bouten et al. 2003). 
 
1.4.3. Pressure Ulcer: Theories on Etiology  
As previously mentioned pressure ulcers can be classified as superficial or 
deep ulcers. Superficial ulcers start superficially in the skin and are caused 
mainly by pressure associated with shear forces applied to the skin 
(Bouten et al. 2003). Shear forces are parallel forces, generated by the 
motion of bone and deep fascia relative to the skin (Defloor 1999, Grey et 
al. 2006). These forces cause the bone and subcutaneous tissue to slide 
down with gravity while the skin stays in its original position, this happens 
to individuals sitting and lying down when the bed is tilted (Defloor 1999). 
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Table 1. NPUAP/EPUAP/PPPIA (2014) Pressure Ulcer 
Classification System1 
Stage Classification Description Image 
Stage I 
Non-blanchable 
Erythema 
Intact skin with non-blanchable 
redness (hyperaemia) of a 
localised area, normally over a 
bony prominence. When 
compared to adjacent tissue 
the injured area can be painful, 
firm or soft, warm or cool. 
 
Stage II 
Partial 
Thickness Skin 
Loss 
Intact or open serum-filled 
blister or loss of dermis with a 
superficial open ulcer with a 
red pink wound bed, without 
slough.  
 
Stage III 
Full Thickness 
Skin Loss 
Subcutaneous fat can be 
visible but bone, tendon or 
muscle is not exposed. Slough 
may be present but does not 
occlude the depth of tissue 
loss. Undermining and 
tunnelling might be present 
and the depth of the ulcer will 
vary according to anatomical 
location.  
 
Stage IV 
Full Thickness 
Skin Loss 
This ulcer has exposed visible 
and palpable bone, tendon or 
muscle with slough or eschar 
present on some parts of the 
wound bed. Undermining and 
tunnelling are normally present 
and the depth of the ulcer will 
vary with anatomical location. 
These ulcers can extend into 
muscle and/or supporting 
structures like tendon or joint 
capsule, increasing the 
possibility of osteomyelitis 
development. 
 
 
 
 
 
 
                                                          
1
 Adapted from NPUAP/EPUAP/PPPIA 2014 
 
24 
 
Table 1. NPUAP/EPUAP/PPPIA (2014) Pressure Ulcer 
Classification System2 (cont.) 
Category Classification Description Image 
Unstageable 
Ulcer 
Depth Unknown 
Tissue loss in which the 
base/bed of the ulcer is 
covered by slough and/or 
eschar. Only after enough 
slough/eschar have been 
cleared can the really depth of 
the ulcer be determined 
 
Suspected 
Deep Tissue 
Injury 
Depth Unknown 
Localized area (purple or 
maroon) of discoloured intact 
skin or blood-filled blister that 
results from damaged 
underlying soft tissue due to 
pressure and/or shear. When 
compared to adjacent tissue, 
injury area might be painful, 
firm, mushy, boggy, warmer or 
cooler. 
 
 
 
Although the NPUAP/EPUAP/PPPIA (2014) guidelines do not consider 
friction forces as a causative factor for the development of pressure ulcers, 
it is still important to mention these forces as they are closely associated 
with the development of shear stress in the tissues (Wounds International 
2010). Friction forces result from the movement of a surface against 
another (Defloor 1999), as the skin is kept in place while against the 
surface, where the patient is at the time, while the remainder of the 
patient’s body moves (Wounds International 2010). An example of friction 
occurs when patients are repositioned and may be dragged across the 
surface of the chair or bed this movement can lead to the development of 
intra-epidermal blisters or superficial skin breaks and abrasions (Grey et 
al. 2006, Wounds International 2010). If the skin is already irritated friction 
will accelerate superficial damage which in turn will cause shear not only 
superficial but also at a deeper tissue level leading to the aggravation of 
pressure ulcers (Wounds International 2010). 
 
                                                          
2
 Adapted from NPUAP/EPUAP/PPPIA 2014 
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Deep ulcers develop within underlying tissue, at muscle level and progress 
towards the skin surface (Bouten et al. 2003, Stekelenburg et al. 2008). 
Although, both compressive and shear forces in combination will influence 
the development of pressure ulcers, in deep ulcer formation, compressive 
forces play a major role, as force is exerted perpendicular to the tissue, 
point pressure, (Hussain 1953, Defloor 1999) and the tissue is being 
compressed between the bone and the support surface where the 
individual is lying/sitting. 
 
Pressure is the main causative factor for the development of pressure 
ulcers, however how pressure affects underlying tissues and which 
processes lead to tissue breakdown are still not well understood.  
Some theories have been developed to try and explain the onset of 
pressure ulcers, these include ischaemia-reperfusion injury and sustained 
cell deformation (Pierce et al. 2000, Bouten et al. 2001, Breuls et al. 2003, 
Tsuji et al. 2005, Linder-Ganz et al. 2006, Stekelenburg et al. 2007, 
Ceelen et al. 2008, Gefen et al. 2008, Loerakker et al. 2010).  
 
Grey et al. (2006) present a combination of factors that influence each 
other and lead to development of pressure ulcers. The authors, based on 
other research, argue that sustained high pressures lead to decreased 
capillary blood flow which then causes ischaemia, capillary thrombosis 
and occlusion of lymphatic vessels compromising then the drainage of 
waste products resulting from cell and tissue activity. Consequently, 
capillary permeability increases, leading to leak of fluid into the 
extravascular space, which in turn causes oedema and cell and tissue 
death (Grey et al. 2006). This pathophysiological pathway shows that fluid 
flow, ischaemia and cell deformation are not isolated compartments but 
each one influences the other and the consequences of each one in 
combination will determine the development of pressure ulcers. 
 
Defloor (1999) based on a literature review, presents a conceptual 
scheme for pressure ulcer development. In his conceptual scheme both 
compressive and shear forces influence the tissue tolerance for pressure 
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and oxygen, which in turn influence the development of pressure ulcers. 
According to the author, tissue tolerance alone does not cause pressure 
ulcers these depend on compressive and/or shear forces. The time and 
pressure needed to cause tissue damage will then depend on each 
individual tissue tolerance. Defloor (1999) explains that high pressure, 
higher than the capillary pressure, will compromise blood flow in the 
capillaries and lymphatic system, leading to impaired oxygen and nutrients 
supply and elimination of waste products. Hussain (1953) studied the 
effects of pressure on tissues postulated that 32mmHg is the minimum 
value to cause pressure ulcers. However, Defloor (1999), based on the 
literature, argues that arterial capillary pressure is around 47mmHg, and 
when pressure is applied, the pressure in the capillaries will also increase 
due to self-regulation. This mechanism will only fail when the applied 
pressure is close to the diastolic pressure. 
 
Pressure, due to compressive and shear forces is the main cause for the 
development of ulcers, as its consequences on tissues will lead to cell 
breakdown and tissue death. Nonetheless, other mechanisms are also 
seen as the precursors of pressure ulcers. 
 
Ischaemia and ischaemia-reperfusion injury both contribute to tissue 
damage, the first by hindering the oxygen supply to the cells, which can 
lead to cell death and consequent tissue necrosis; the second mechanism, 
causes cellular injury due to the reperfusion of oxygen rich blood to a 
previously ischaemic area (Pierce et al. 2000, Tsuji et al. 2005). The re-
oxygenation of the tissue leads to high levels of oxygen derived free 
radicals that can have cytotoxic effects, leading to cell death and 
consequently tissue damage. 
 
Pierce et al. (2000) studied the effects of ischaemia-reperfusion injury 
using rat skin models. In the study three different experiments where 
analysed, experiment one only used ischaemia-reperfusion cycles, in the 
three groups the same ischaemia and reperfusion periods were used but 
the number of days for the experiment were different. In experiment two a 
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variation of ischaemia and reperfusion periods and of cycles per day was 
used between the three groups and in experiment three one group was 
subjected to ischaemia alone and the other to a cycle of ischaemia-
reperfusion. In both experiment one and two an increase in ischaemia and 
reperfusion cycles resulted in increased tissue damage with increased 
necrotic area and decreased skin thickness, in experiment three 
ischaemia and reperfusion cycles where more damaging to tissues than 
ischaemia alone. 
In their study Tsuji et al. (2005) also compared microcirculatory injury 
between two groups one where ischaemia and reperfusion cycles were 
applied and the other group where compression alone was applied. The 
authors concluded that injury was higher in the group where ischaemia 
and reperfusion cycles were used. 
 
Besides ischaemia-reperfusion injury, cell deformation is also seen as a 
mechanism of ulcer formation. Stekelenburg et al. (2007) compared the 
role of ischaemia and cell-deformation on the development of deep tissue 
injury ulcers. Tissue compression and ischaemic loading were applied to 
hind limb of rats for 2 hours. The compression protocol was accomplished 
by applying uniaxial loading through an indenter and after 2 hours 
deformation was measured using magnetic resonance imaging (MRI), 
which showed necrotic regions. Additionally, perfusion measurements 
were undertaken and areas of ischaemia were also observed due to the 
application of the indenter. The ischaemic loading was applied for 2h and 
led to reversible tissue changes, thus the authors conclude that 
deformation associated with ischaemia are main triggers for tissue 
damage instead of each factor individually. 
 
Others studies (Bouten et al. 2001, Breuls et al. 2003, Linder-Ganz et al. 
2006, Ceelen et al. 2008, Gefen et al. 2008, Loerakker et al. 2010) report 
only on the effects of compression induced damage when using rat 
models or engineered tissue. All the studies report that compression 
produces cell-deformation, which is assessed through MRI, ultrasound 
and histologic samples, which progresses to the development of pressure 
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ulcers. Linder-Ganz et al. (2006) argues that the magnitude of pressure is 
the main factor for causing cell-death, while Loerakker et al. (2010), like 
Defloor (1999), argues that a deformation threshold (tissues tolerance to 
pressure) needs to be exceeded to cause tissue deformation, and the 
longer the loading period the larger the damage.  
 
Although, the aforementioned studies show that cell-deformation leads to 
tissue damage and ulcer development, it is still not well established how 
deformation due to pressure cause cell damage and death. Bouten et al. 
(2001), Breuls et al. (2003) and Gefen et al. (2008) hypothesise that 
trauma to cytoskeletal and membrane structures and the consequent 
impaired diffusion of molecules might be one of the causes, however the 
authors highlight that the actual process whereby deformation leads to cell 
damage needs to be further elucidated. 
 
There are a few mechanisms that can cause tissue breakdown and ulcer 
development however, the majority of these mechanisms have been 
studied in laboratory environments, with controlled protocols, which are 
difficult to extrapolate to the patients environment (Bouten et al. 2003). 
Nonetheless, these studies are crucial to try and get a better 
understanding of how pressure ulcers develop at the tissue and cellular 
level and which signs healthcare providers can look for in order to prevent 
not only the onset of damage but the further aggravation of an already 
established pressure ulcer. Taking this into account it is necessary to 
assess patients at risk using tools that can signal those patients that will or 
have developed a pressure ulcer. 
 
1.4.4. Pressure Ulcers: risk assessment and risk factors 
Pressure ulcers develop when tissue is subject to pressure, however there 
are factors that predispose individuals to be subject to pressure and there 
are also factors that aggravate the effects of pressure for the development 
of ulcers. Thus, to effectively prevent individuals from developing pressure 
ulcers it is crucial to identify those individuals who might be at risk and 
implement practices that will remove or minimise the effect of the factors 
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that will cause pressure ulcers (Royal College of Nurses [RCN] 2001). In 
order to identify these risk factors healthcare professionals need to 
incorporate risk assessment in their practice.  
 
Risk assessment involves using a structured approach where the use of 
risk assessment scales, skin assessment and clinical judgement will all 
contribute together to the early identification of patients at risk and for the 
early implementation of adequate prevention measures 
(NPUAP/EPUAP/PPPIA 2014). As aforementioned, skin assessment is 
also an important step for the identification and prevention of pressure 
ulcers. Various guidelines recommend that those patients identified as 
being at risk of developing pressure ulcers, after their risk was assessed, 
should have their skin assessed regularly (RCN 2001, HSE 2009, 
Whiteing 2009, National Institute for Health Excellence (NICE) 2014, 
NPUAP/EPUAP/PPPIA 2014).  
Skin assessment is important for pressure ulcer prevention because the 
status of the patient skin can help in early detection of pressure ulcer 
development. During skin assessment healthcare professionals, should 
focus in assessing skin integrity, through regular inspection, in order to 
detect any deterioration or improvement (RCN 2001). Also before 
healthcare professionals can reliably skin assess education sessions 
should be implemented not only on how to carry out a comprehensive skin 
assessment (The Health Service Executive (HSE) 2009, 
NPUAP/EPUAP/PPPIA 2014), but also to include being competent in 
identifying the different pressure ulcer stages as per the 
NPUAP/EPUAP/PPPIA (2014) guidelines.  
During skin assessment healthcare professionals need to inspect all skin 
and in particular areas that are more vulnerable like sacrum and heels 
(RCN 2001). Healthcare professionals should also be looking for signs of 
discolouration, skin temperature heat, which can indicate inflammation or 
infection, or cool skin, which can indicate poor perfusion and ischaemia, 
erythema, blisters, oedema and hardness (RCN 2001, Whiteing 2009, 
NICE 2014). Moreover, after completing a skin assessment it is the 
responsibility of the healthcare professional to document findings and 
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changes to previous skin assessment for continuity of care (RCN 2001, 
Whiteing 2009). Skin assessment is a fundamental part of risk 
assessment, but before a risk assessment can be implemented it is 
necessary to identify what actual risk factors contribute to pressure ulcer 
development (Moore & Cowman 2010).  
 
In a systematic review of the literature Coleman et al. (2013) identified 
three main risk factors which were mobility/activity, perfusion and 
skin/pressure ulcer status. From these risk factors perfusion is related to 
conditions such as diabetes and vascular disease that could aggravate the 
development of pressure ulcers, and skin/pressure ulcer status is related 
to skin condition and the pre-existence of any pressure ulcers. Besides 
these three risk factors, Coleman et al. (2013) also identified other risk 
factors such as skin moisture, age, nutrition, haematological measure, 
among others. 
 
Coleman et al. (2014) while developing a pressure ulcer conceptual 
framework argue that the direct causal factors for the development of 
pressure ulcers are immobility, perfusion and skin/pressure ulcer status. 
Lindgren et al. (2002) in their prospective comparative study identified 
immobility as the major risk factor for pressure ulcer development. If one 
considers that tissue damage, either due to ischaemia-reperfusion injury 
or cell-deformation, is caused by compressive or shear forces which result 
from pressure and this pressure can only exist if the individual has limited 
or no mobility, it is possible to corroborate that mobility/activity impairment 
is the one principal cause for pressure ulcer development.  
 
Gallagher et al. (2008) in their prevalence study found that impaired 
mobility, incontinence, cognitive impairment and longer hospital stay 
where associated with the development of pressure ulcers in their study. 
In another systematic review by Moore et al. (2013) activity/mobility, age, 
nutrition, presence of pressure ulcer at admission and hospital length of 
stay were identified as key risk factors. From the studies mentioned it is 
possible to conclude that the main risk factor is mobility issues, followed by 
31 
 
age, nutrition, perfusion and skin/pressure ulcer status. Taking this into 
account, and acknowledging that these risk factors will lead to the 
development of pressure ulcers, it is necessary to use risk assessment 
tools that identify which patients present with these risks so that preventive 
measures can be put in place. 
 
In order to try and identify those at risk, risk assessment tools are used in 
practice. There are several scales being used, although the most common 
are Norton, Braden and Waterlow scale (see Table 2). 
 
Despite the wide spread use of these tools it is still argued whether these 
scales accurately assess and identify those with risk factors that will lead 
to the development of pressure ulcers (Pancorbo-Hidalgo et al. 2006, 
Anthony et al. 2008, Kelechi et al. 2013). It is important to highlight that 
these scales are not predicting pressure ulcer presence or development, 
but are aimed at identifying risk factors that could lead to pressure ulcer 
development (Anthony et al. 2008). Additionally if risk assessment scales 
are in place but there is no action based on the score that the patient has 
then using a scale becomes just an exercise.  
 
Two systematic reviews (Pancorbo-Hidalgo et al. 2006, Moore & Cowman 
2010) have not found any strong evidence concluding that the use of risk 
assessment scales decrease the incidence of pressure ulcers. This should 
be an expected outcome because if healthcare professionals use risk 
assessment scales properly they will be able to identify those individuals 
at risk and implement preventive measures.  
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3
 Adapted from Kelechi et al 2013, Norton 1962, Braden 1988, Waterlow 1985/2005. 
 
Table 2. Pressure Ulcer Risk Assessment Tools3 
Scale Risk Factors/Domains Risk Score Category 
Norton 
(1962) 
Physical Condition 
Mental Condition 
Activity 
Mobility 
Incontinent 
˂9 
 
10-13 
 
14-17 
 
18 ˃ 
Very high risk 
 
High risk 
 
Medium risk 
 
Low risk 
Braden 
(1988) 
Sensory Perception 
 Ability to respond to pressure 
related discomfort 
Moisture 
 Degree of skin exposure to 
moisture 
Activity 
 Degree of physical activity 
Mobility 
 Capacity to change and 
control body position 
Nutrition 
 Food intake  
Friction and Shear 
˂9 
 
10-12 
 
12-14 
 
15-18 
Very high risk 
 
High risk 
 
Moderate risk 
 
At risk 
Waterlow 
(1985, 2005) 
Build/Weight for Height 
Skin Type Visual Risk Areas 
Sex, Age 
Malnutrition Screening Tool 
Continence 
Mobility 
Special Risks 
 Tissue Malnutrition 
 Neurological Deficit 
 Major Surgery or Trauma 
10+ 
 
15+ 
 
20+ 
At risk 
 
High risk 
 
Very high risk 
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Bearing in mind the incidence figures previously mentioned, with these 
figures remaining high and not decreasing one can argue that either risk 
assessment tools (in conjunction with skin assessment and clinical 
judgement) are not being effectively used or are being used but the scores 
might be ignored. This may be, because visual assessment does not show 
any evidence of risk, and so new methods need to be put in place to 
accurately predict the presence of pressure ulcers. However, it is 
important not only to assess but also to develop a better understanding of 
the accuracy of any new methods being used and so the writer will look 
into the role of sub-epidermal moisture (SEM), ultrasound, thermography 
and photography in predicting pressure ulcers presence. 
 
1.5. Pressure Ulcers: SEM, Ultrasound, Thermography and 
Photography 
1.5.1. Sub-epidermal moisture (SEM) 
Pressure ulcers may develop due to ischaemia-reperfusion injury or cell-
deformation as has been described earlier. The changes that occur at the 
cellular level will lead to inflammation and oedema at the area of injury and 
these are the first signs of pressure ulcer development (Bates-Jensen et 
al. 2009). The onset of inflammation and oedema can happen three to ten 
days before an ulcer is visible, thus the damage is occurring and if this 
was detected before the pressure ulcer was visible preventive measures 
could be put in place to avoid more severe ulcers (Bates-Jensen et al. 
2007, Bates-Jensen et al. 2008, Bates-Jensen et al. 2009, Guihan et al. 
2012).  
 
Sub-epidermal moisture (SEM) is related to the quantity of skin and tissue 
water (Bates-Jensen et al. 2007, Bates-Jensen et al. 2008, Bates-Jensen 
et al. 2009). Skin hydration is an important biophysical measure as a 
certain level of hydration is necessary for the skin to maintain its barrier 
function (Alanen et al. 2004). Inflammation and oedema that result from 
tissue damage, and that indicate excess of interstitial fluid in the tissues 
(Miettinen et al. 2006) can be measured through the use of instruments 
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that use electric and electromagnetic signals. Tissues have capacitive and 
conductive properties that are dependent on water content, with the 
uppermost layer being mainly capacitive and the deeper layers being 
mainly conductive (Alanen et al. 2004). Taking into account that SEM is 
related to skin and tissue water, this can be measured through the use of 
surface electrical capacitance (Bates-Jensen et al. 2009). Surface 
electrical capacitance of the skin, is determined by the impedance of the 
skin to electrical forces, and thus can reflect oedema and water content of 
the epidermal and sub-epidermal tissues (Bates-Jensen et al. 2009). 
 
Four studies (Bates-Jensen et al. 2007, Bates-Jensen et al. 2008, Bates-
Jensen et al. 2009, Guihan et al. 2012) were identified where SEM 
measurements were used to determine skin/tissue water content and 
predict pressure ulcer development. Three of the studies used the same 
device the NOVA Petite® dermal phase meter (Bates-Jensen et al. 2007, 
Bates-Jensen et al. 2008, Bates-Jensen et al. 2009) and the remaining 
study used the MoistureMeter® dermal phase meter (Guihan et al. 2012). 
All studies concluded that higher SEM values were indicative of increased 
skin damage. Additionally, through SEM measurements it was possible to 
predict the incidence of erythema/pressure ulcer I the next week. 
Although, only four studies assessing the effectiveness of SEM measure 
in identifying early pressure ulcer damage have been identified, it appears 
clear from the results that measuring SEM could bring important advances 
in pressure ulcer prevention. This is particular important considering that 
this measure can predict the incidence of pressure ulcer I that can 
potentially develop to more severe ulcers. However, a more in depth 
analysis of the accuracy of this method is needed. 
 
1.5.2. Ultrasound 
Ultrasound or ultrasonography is a technique that through the use of a 
probe emits sound waves to create images of soft tissues (Quintavalle et 
al. 2006, Lyder 2007). When the sound wave reaches the boundary of 
acoustically different tissues, like fluid or soft tissue, part of the energy is 
reflected back, depending on the acoustic difference (Quintavalle et al. 
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2006, Lyder 2007). As the energy is being reflected back the ultrasound 
machine can calculate the distance and intensity of the reflections and 
translate it into a two-dimensional image (Quintavalle et al. 2006, Lyder 
2007). The use of high-frequency ultrasound of 20 MHz allows for high-
resolution images of the skin and soft tissue (Quintavalle et al. 2006, Lyder 
2007). The ultrasound wave emitted is going to be absorbed if it 
encounters fluid, creating a dark area in the image known as hypoechoic 
and non-echoic, and it will be reflected when it encounters dense tissue  
creating a bright reflection known as hyperechoic or echogenic (Lyder 
2007). If tissue damage is present there will be a less reflective pattern 
and hypoechoic areas are expected at the subcutaneous, dermal and sub-
epidermal tissues (Lyder 2007). 
 
Taking into account that pressure ulcer development creates changes in 
the skin and underlying tissue, and the fact that, like SEM, ultrasound can 
detect the presence of oedema this method could also help in the early 
detection and prevention of pressure ulcers. Some studies (Quintavalle et 
al. 2006, Aoi et al. 2009, Yabunaka et al. 2009, Helvig & Nichols 2012, 
Porter-Armstrong et al. 2013) have used ultrasonography imaging to 
assess skin changes and the potential development of pressure ulcers.  
 
Quintavalle et al. (2006) in their observational prospective studied, 
compared ultrasound image from individuals classified at risk of pressure 
ulcer development with ultrasound images from healthy volunteers. The 
author found that the ultrasound images of the individuals at risk showed 
abnormal changes, especially interrupted areas which were an indication 
of fluid/oedema when compared to the images of the healthy individuals. 
Yabunaka et al. (2009) in their retrospective analysis of a hospital 
database, where patients were assessed for pressure ulcer presence 
using ultrasound, found that the images were congruent with the presence 
of pressure ulcers and once healing took place ultrasonic images also 
showed less abnormal findings. Aoi et al. (2009) used ultrasound to 
identify deep tissue injury and found that the use of this technique 
accurately identified the presence of deep tissue injury. As such the 
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authors recognise that ultrasound can contribute to the understanding of 
pressure ulcers.  
 
In a study (Porter-Armstrong et al. 2013) where ultrasound imaging was 
used to explore if its results supported clinical skin assessment, the 
authors found that two patients were assessed as having a pressure ulcer 
stage I, but ultrasound results were normal. Conversely, where, clinical 
assessment classified all ulcers as being only stage I ultrasound revealed 
images where underlying tissue damage was present. Although, the 
ultrasound did not corroborate with the clinical assessment in identifying 
two patients as having pressure ulcer stage I this could be due to the fact 
that there was no effective damage yet in the tissues. Nonetheless, where 
there was damage this was identified by the ultrasound. Another study 
where ultrasound was used found that this technique detected more tissue 
injury than visual assessment alone (Helvig & Nichols 2012). Thus there is 
the potential that ultrasound may be a reliable method in detecting skin 
and tissue changes which could identify early tissue damage and prevent 
the development of pressure ulcers. However, more evidence to support 
this needs to be analysed. 
 
1.5.3. Thermography 
Thermography is a technique that can also be used for the early detection 
of pressure ulcer development. This method measures a proportion of the 
spectrum of the infrared energy released by the body skin and depicts it in 
an image where different colours are equivalent to skin temperature 
variation (Verhonick et al. 1972). Not many studies have been identified 
that use thermography to predict the development of pressure ulcers. 
 
Verhonick et al. (1972) studied the relationship of pressure and 
temperature and concluded that high temperatures of the skin were 
present where pressure had been applied and the longer the pressure the 
longer the time required for skin temperature to return to normal. In an 
observational, retrospective, correlational study (Farid et al. 2012) more 
pressure related injuries with cool temperature progressed to skin necrosis 
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when compared to pressure related injuries with warm temperatures. 
Another study (Nakagami et al. 2010) where thermography was used to 
detect inflammation in pressure ulcers and predict its prognosis found that 
in 35 participants, 21 had low temperature ulcers and 14 had high 
temperature ulcers. From these ulcers the ones with high temperature 
healed more slowly when compared to the low temperature ulcers. The 
same outcome was obtained in the study by Higashino et al. (2014).  
 
Although, thermography might help identify pressure ulcer development, 
especially taking into account that inflammation is associated with higher 
temperatures, there is sparse evidence to support that thermography 
might accurately predict pressure ulcer development. Nevertheless, its use 
in predicting healing might be an indicator that this method can be used in 
early detection pressure ulcers. 
 
1.5.4. Photography 
Photographs of the skin of patients have been used in research mainly to 
determine the validity and reliability of this method to detect the presence 
and categorise pressure ulcers (Localio et al. 2006, Baumgarten et al. 
2009, Jesada et al. 2013).   
 
Localio et al. (2006), in their study evaluated nurses’ capacity to identify 
pressure ulcers from photographs of the skin. The study used 39 photos of 
pressure ulcers, 109 photos of normal skin and 12 photos of other skin 
conditions. The authors concluded that assessors rarely failed to identify a 
pressure ulcer however misclassified 12.5% of normal skin photographs 
as being pressure ulcers.  
Baumgarten et al. (2009) also evaluated the validity of photographs for the 
assessment of the presence of pressure ulcers stage II and higher. In their 
results the authors found that photographic assessment of the presence of 
pressure ulcers has high validity, with a sensitivity of 97% and a specificity 
of 97%.  
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Jesada et al. (2013) compared bedside skin and wound assessment of 
100 pressure ulcers by one specialist to assessment of the same wounds 
by three other specialists using only photographs. In this study agreement 
between pressure ulcer scoring and staging was only fair to moderate 
between the assessors, and the authors concluded that the use of 
photographs alone is limited when trying to determine pressure ulcers 
characteristics. Although, two of the studies demonstrate that the use of 
photographs can be a valid method for the diagnosis and identification of 
pressure ulcers characteristics the majority of photographs included stage 
II or higher.  
 
It is difficult to identify pressure ulcers stage I using photographs, because 
though the photograph might show a reddened area, it is not possible to 
accurately classify it because it will not be evident if it is blanching or not. 
Furthermore, photographs correctly classified and that represent real 
pressure ulcers stage I might have been classified by chance. Moreover, 
considering that changes to the underlying tissue start to occur before any 
damage is visible at the surface of the skin, photographs therefore cannot 
be used as a method to detect the early presence of pressure ulcers. Thus 
preventive measures will be more difficult to implement if only this method 
is used. Nevertheless, taking into account the small number of studies 
identified, more evidence is necessary to determine the accuracy of this 
method in pressure ulcer prediction. 
 
Risk assessment is an important practice that will allow healthcare 
professionals identify those individuals at risk of the development of 
pressure ulcers. However, risk assessment alone cannot predict pressure 
ulcer development especially when changes occur at the cellular level 
within skin layers. Hence, other methods need to be used to accurately 
identify these changes and help predict the presence of pressure ulcers.  
Thus for the purpose of this systematic review the writer wishes to explore 
the following question: What is the accuracy of SEM, ultrasound, 
thermography and photography in predicting pressure ulcer presence?  
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Taking into account the research question, the aim of this systematic 
review is therefore, to determine the accuracy of SEM, ultrasound, 
thermography and photography in predicting pressure ulcer presence. 
 
The objectives of this review are to: 
 To establish the clinical significance of ultrasound, thermography, 
photography and SEM. 
 To determine the accuracy of ultrasound, thermography, 
photography and SEM in detecting pressure ulcer presence. 
 To determine the relative accuracy of one method of assessment 
namely, SEM, ultrasound, thermography and photography over 
another. 
 To make recommendations for practice pertaining to assessment of 
early pressure ulcer damage. 
 
1.6. Summary 
Pressure ulcers are a major healthcare problem with a great impact in the 
individual, the healthcare system and society. International pressure ulcer 
prevalence and incidence varies between 2.2% - 42.7% and 1.4% - 49%, 
respectively. In relation to Irish figures, the prevalence and incidence of 
pressure ulcers varies between 4% - 37% and 8% - 14.4%, respectively. 
This data shows that pressure ulcers prevalence and incidence is high, 
especially if one considers that this is a preventable health problem. 
Besides prevalence and incidence figures showing the burden of pressure 
ulcers, it is also important to highlight that these have a major financial 
impact on healthcare services and a major impact on individuals’ quality of 
life.  
 
Pressure ulcers are areas of skin damage that can include underlying 
tissue, and develop normally over bony prominences, as a result of 
pressure alone or pressure in conjunction with shear. Besides pressure, 
other risk factors will influence the development and aggravation of 
pressures ulcers. There are some theories that try to explain how pressure 
ulcers might develop these include ischaemia-reperfusion injury and 
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sustained cell deformation. However, the actual mechanism that leads to 
the development of pressure ulcers it is still not clear. Though pressure is 
the main causative factor for the development of pressure ulcers, other 
risk factors such as nutritional status, mobility, activity, age might also 
influence the onset and aggravation or pressure ulcers. Thus risk 
assessment tools can be valuable to try and identify those individuals that 
might present with risk factors for the onset of pressure ulcers. 
Nonetheless, risk assessment tools do not allow for the identification of 
tissue changes, only when non-blanchable erythema or a pressure ulcer 
stage II is already present, and thus, for the effective prevention of 
pressure ulcers because tissue changes can be already underway. For 
this reason, it is necessary to identify other methods that might identify 
cellular and underlying tissue changes and predict the presence of 
pressure ulcers, in order to prevent its further development. These 
methods would enable quantification of pressure ulcer damage beneath 
the skin that is not currently visible to the naked eye. Such methods 
include SEM, ultrasound, thermography and photography and their 
accuracy in predicting pressure ulcers will be the focus of this systematic 
review. 
 
1.7. Conclusion 
Pressure ulcers are an international preventable burden for individuals, 
healthcare system and society and their prevention is crucial if this 
healthcare problem is to be reduced. Although clinical skin assessment 
and risk assessment tools are used in practice their effectiveness is limited 
as evidenced by the ongoing high prevalence and incidence of pressure 
ulcers. One major challenge with these methods of assessment is the lack 
of an ability to detect changes in the deeper tissues, when no visible 
changes are evident at the skin level. For this reason the accuracy of 
novel methods, like SEM, ultrasound, thermography and photography, in 
identifying early pressure ulcer development need to be further analysed 
so that a consensus can be reached on the method that will more 
accurately predict pressure ulcers. The conclusions drawn from this 
analysis will not only inform practice and allow for evidence-based practice 
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but might also identify the method that if consistently used will help 
prevent and decrease pressure ulcers incidence. 
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Chapter2. Methodological issues in Systematic Reviews 
2.1. Introduction 
This chapter will initially focus its attention on exploring the concept of 
systematic review and the rationale for undertaking a systematic review, 
while also giving an overview of the steps that need to be followed to 
conduct a systematic review. Then the writer will discuss the influence of 
literature bias and risk of bias in included studies and how these might 
affect the quality of systematic reviews. Finally the writer will explore the 
concept of meta-analysis and meta-synthesis. 
 
2.2. Systematic Reviews: definition and rationale 
Pressure ulcers are a healthcare problem that affects the individual, the 
healthcare system and society (HSE 2009). Considering that the main 
causative factor for the development of pressure ulcers is pressure, it is 
fundamental that individuals at risk of developing pressure ulcers are 
identified (Scott et al. 2006, Capon et al. 2007, Vanderwee et al. 2007, 
Gallagher et al. 2008, Moore & Cowman  2011).  This can be achieved 
through the use of risk assessment tools and visual inspection of the skin, 
however, when visual signs of the development of pressure ulcers are 
identified, the underlying tissue already shows irreversible damage 
(NPUAP/EPUAP/PPPIA 2014).  
Thus, it is essential that other methods are identified and tested to 
determine their accuracy in the early detection of pressure ulcer 
development. These methods are SEM, ultrasound, thermography and 
photography.  
 
Although, there are studies that have tried to gain an understanding and 
give evidence of how these methods work (Verhonick et al. 1972, Localio 
et al. 2006, Quintavalle et al. 2006, Bates-Jensen et al. 2007, Bates-
Jensen et al. 2008, Aoi et al. 2009, Bates-Jensen et al. 2009, Baumgarten 
et al. 2009, Yabunaka et al. 2009, Nakagami et al. 2010, Farid et al. 2012, 
Guihan et al. 2012, Helvig & Nichols 2012, Jesada et al. 2013, Porter-
Armstrong et al. 2013, Higashino et al. 2014), the consensus around 
which method, or methods, is the most accurate in detecting pressure 
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ulcers is not well established yet and thus the writer aims to determine the 
accuracy of SEM, ultrasound, thermography and photography in predicting 
pressure ulcer presence, also focusing on the following objectives: 
 To establish the clinical significance of ultrasound, thermography, 
photography and SEM. 
 To determine the accuracy of ultrasound, thermography, 
photography and SEM in detecting pressure ulcer presence. 
 To determine the relative accuracy of one method of assessment 
namely, SEM, ultrasound, thermography and photography over 
another. 
 To make recommendations for practice pertaining to assessment of 
early pressure ulcer damage. 
 
By gaining an in depth understanding of the accuracy of SEM, ultrasound, 
thermography and photography in detecting pressure ulcer development it 
will be possible to make recommendations for practice which will help 
address the problem of pressure ulcers. 
 
Evidence-based practice uses information from research to improve and 
develop clinical strategies that will positively impact on patient outcomes 
and healthcare services (Sackett et al. 1996, Evans 2003). So by 
collecting research evidence around SEM, ultrasound, thermography and 
photography, policy makers will be able to decide if any of these methods, 
can, by the early detection of skin changes, effectively prevent the 
development of pressure ulcers and thus be introduced in clinical practice.  
 
Evidence-based practice is increasingly essential has healthcare services 
become more demanding and policy makers need to find strategies that 
will allow them to tackle preventable health problems (Mulrow 1994, 
Fineout-Overholt et al. 2008, Smith et al. 2011). Pressures ulcers are a 
preventable clinical problem, and in practice risk assessment tools and 
visual skin inspection are the main tools/methods used to identify pressure 
ulcers (RCN 2001, NPUAP/EPUAP/PPPIA 2014). If a stage I pressure 
ulcer is identified, strategies can be put in place to prevent it from 
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developing into a stage II or higher. However, as previously mentioned, 
irreversible deep tissue damage can be already developing and no risk 
assessment tool or visual skin inspection currently available can help 
prevent this from developing into a stage IV pressure ulcer as the damage 
is not visible to the naked eye (Bouten et al. 2003, NPUAP/EPUAP/PPPIA 
2014). Therefore, it is necessary to identify research evidence that will 
give a possible alternative to answer the problem of pressure ulcers.  
 
After identifying the evidence this needs to be critical appraised so that 
only high-quality information is used, this evidence should then be applied 
and tested in practice, and finally its outcomes assessed (Sackett et al. 
1996, Gerrish & Lacey 2010, Holland and Watson 2012). So it is 
necessary to identify research evidence around other methods that might 
be effective and accurate in the early detection of pressure ulcers, use 
them in practice and assess, for example, if the number of pressure ulcers 
as increased or decreased. 
 
Evidenced-based practice consists of five phases (Holland & Watson 
2012) as illustrated above, the identification of a clinical problem, the 
search for evidence to deal in a more efficient way with the problem, 
critically appraising the evidence, applying it in practice and assessing the 
outcomes of the strategy used.  
Though this process will result in best practice, the plethora of research 
available makes it difficult for healthcare professional to keep up with the 
available evidence and so it is necessary to adopt a research approach 
that will facilitate not only the identification of all available research but will 
also allow for it to be summarised (Mulrow 1994).  
 
In the case of the healthcare problem of pressure ulcers, it is necessary to 
gather all the research evidence around SEM, ultrasound, thermography 
and photography, to try and understand if these methods do allow for the 
early detection of pressure ulcers and which one of these is the best in 
accurately identifying pressure ulcers over the others. For these reasons a 
systematic review approach was used by the writer to try and answer the 
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research question namely, what is the accuracy of SEM, ultrasound, 
thermography and photography in predicting pressure ulcer presence? 
 
Systematic review is a research method with the purpose of accessing, 
gathering and summarising all the available primary evidence, through a 
detailed search of all the relevant published and unpublished literature, 
which will answer a specific research question (Cook et al. 1997, National 
Health and Medical Research Council (NHMRC) 1999, Green et al. 2011, 
Holland & Watson 2012). Through the use of systematic reviews it is 
expected that healthcare professionals in practice will have access to the 
most up-to-date and reliable research evidence, which they can use to 
guide their practice allowing for the implementation of evidence-based 
policies and guidelines. 
 
According to Mulrow (1994) the rationale behind systematic reviews is 
based on a few principles. First, there is a plethora of research articles 
being published every day, and healthcare professionals cannot keep up 
to date with all the data that is produced. For example there are various 
studies relating to SEM, ultrasound, thermography and photography and if 
a tissue viability nurse wanted to know which is more accurate she would 
have to read all the studies relating to each method. 
 
Additionally systematic reviews are, as previously mentioned, necessary to 
integrate all the available evidence and inform policy makers (Mulrow 
1994). For example, if thermography was found to be more accurate than 
the other methods, policy makers could argue that this method should be 
used in practice to help prevent the development of pressure ulcers.  
Furthermore, instead of doing another original research study on an area 
that has already been exhaustively researched, the systematic reviews 
approach can be used to collate the results from the individual studies 
providing a synthesis of the existing results. Moreover, through systematic 
reviews one can assess consistency and identify inconsistencies among 
studies (Mulrow 1994). Also systematic reviews allow for increased power, 
precision and can improve accuracy in the data because it critically 
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appraises not only study’s methodology but also how results were 
obtained (Mulrow 1994). 
Therefore, systematic review is a research method that can help one 
understand if what is being hypothesised as best practice is really best 
practice when all the data pertaining to a particular problem is consistently 
analysed (Mulrow 1994). 
 
Systematic reviews need to follow a rigorous protocol in order to assure 
that the systematic review process is meticulous, and that there is no risk 
of bias (Centre for Reviews and Dissemination (CDR) 2008, Victor 2008). 
Indeed, poor quality studies and inconsistencies between the protocol and 
the actual review discredit the results and conclusions drawn (NHMRC 
1999, CDR 2008). According to Green et al. (2011) the key characteristics 
of systematic reviews are clearly defined objectives, a reproducible 
methodology, a methodical and reproducible search strategy, where all the 
search terms used are identified, a thorough critical appraisal of the quality 
of the included studies and a meticulous presentation and synthesis of the 
data identified in the studies. 
 
For systematic reviews to access and produce evidence-based data there 
are a number of steps that researchers, need to follow to ensure that the 
process is systematic and that no flaws can hinder its conclusions. 
Different authors (NHMRC 1999, Magarey 2000, Khan et al. 2003, Lavis et 
al. 2005, White and Schmidt 2005, CDR 2008, Fineout-Overholt et al. 
2008) enumerate a different number of steps to conduct systematic 
reviews however it is possible to identify the same steps across studies.  
 
These steps are: 
 Background; 
 Research question; 
 Identification and selection of relevant studies; 
 Quality Appraisal; 
 Data extraction; 
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 Data analysis;  
 Data synthesis. 
 
Although the background is not a step per se, it is an important aspect of 
any systematic review as it puts into context the problem being 
researched, giving an epidemiological and clinical background, while also 
giving a rationale for the importance of addressing the particular problem 
and why it is necessary to conduct a systematic review (CDR 2008). 
The actual first step in a systematic review is, therefore, framing the 
research question. Here the researcher, taking into consideration the 
problem being investigated, needs to set a clear and structured research 
question that s/he aims to answer at the end of the review (Khan et al. 
2003, CDR 2008). A well-structured research question, which is essential 
for the review process transparency and quality of findings, encompasses 
the patient group, the intervention, the comparison intervention and the 
outcome measures (Magarey 2000, CDR 2008). This can be translated 
into the PICOS formula where P stands for participants, I for intervention, 
C for comparators, O for outcomes and S for study design and this formula 
is designed for systematic reviews were health interventions are being 
analysed (CDR 2008). However, the writer, for the purpose of this 
systematic review, is not focusing in the comparison of different 
interventions and the effects that these have in the experimental group, 
but is trying to gain an understanding of the accuracy of different 
clinical/diagnostic tests, namely SEM, ultrasound, thermography and 
photography, in detecting pressure ulcer development.  
 
In the case of reviews of diagnostic tests the research question although 
similar to the PICO formula, it presents a few particularities. Thus the 
research question will include P for population, I for index test, which is the 
test under evaluation, and this can be any method that will help obtain the 
necessary information on the health problem being reviewed, R for 
reference standard, which is the best test/method currently available, and 
against which the index text is being compared, O for outcome measures 
and S for study design (Bossuyt et al. 2003, CRD 2008). 
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The next step is the identification and selection of relevant studies. This 
aspect is related to the search strategy and the definition of inclusion and 
exclusion criteria, depending on the problem, being research. This is very 
important because only by undertaking an extensive and systematic 
search of all the evidence available (published and unpublished) will the 
researcher be able to access studies relevant for the problem being 
researched (NHMRC 1999, White & Schmidt 2005). It is important that the 
search strategy being used is sensitive enough, instead of being too 
specific, as there is a risk of losing relevant studies (White & Schmidt 
2005). Furthermore, it is essential that the search strategy used is well 
documented so that it can be replicated by other researchers, thus it is 
fundamental to show that the search strategy was done in a rigorous and 
unbiased way (Magarey 2000). 
 
Following the search strategy, and after selection of the relevant studies, it 
is essential to analyse the quality of the studies to be included in the 
review. This step is extremely important as it will identify any flaws in the 
study’s methodology that can lead to bias as these flaws can influence 
positively or negatively the results and conclusions drawn (Magarey 2000, 
White & Schmidt 2005, CDR 2008).  
 
After quality assessment the following step involves extracting the data 
relevant to answer the research question and the primary or secondary 
outcomes that have been identified as relevant for the review (Magarey 
2000, White and Schmidt 2005, CDR 2008). Following data extraction, the 
researcher will analyse and synthesise the data from the included studies. 
Data analyses and synthesis is dependent on the type of studies included 
and can be undertaken using both qualitative and quantitative methods 
(Magarey 2000). If a qualitative approach is used the research will focus 
on meta-synthesis, if a quantitative approach is used the research will 
focus on meta-analysis. However, either type of synthesis is only 
appropriate if the data collected are homogenous and as such can be 
combined (Magarey 2000, Moore 2012). If data is too disparate, then the 
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researcher will have to present a narrative summary of each individual 
study. 
 
2.3. Systematic Reviews and Bias 
The purpose of systematic reviews is to synthesise high quality evidence 
that healthcare professionals and policy makers can then use to inform 
practice. Quality can refer to a number of components of a systematic 
review, for example, the quality of the individual studies retrieved as well 
as the quality of the evidence produced. Shea et al. (2009) argue that 
because little emphasis had been given to the overall quality of systematic 
reviews, the AMSTAR tool was developed to assess the methodological 
quality of systematic reviews. According to Shea et al. (2009) quality is the 
probability that a systematic review will generate unbiased results. The 
ability to generate unbiased results can also be related to individual 
studies, because if their methods are flawed then the results can be said 
to contain potential bias. The Cochrane Handbook (Higgins et al. 2011a) 
refers to this concept as a study’s internal validity. This means that if a 
study answers the research question appropriately, the study is without 
bias, and therefore has internal validity. 
 
Bias is defined as a consistent deviation from the truth that can lead to an 
under or over estimation of the effects of a certain interventions, or 
diagnostic tools (Higgins et al. 2011a). Bias can have a small or large 
impact on the overall study results and conclusions (Higgins et al. 2011a). 
Higgins et al. (2011a) refer to the concept of bias in terms of “risk of bias”, 
instead of just bias, because, although there might be a flaw in the design 
of a study, the flaw may not be significant and as such the study outputs 
may not be biased. 
 
The risk of bias, and thus the risk of biased evidence, can be present in 
individual studies and at any stage of the systematic review process. 
Within the systematic review, problems can arise beginning at the 
research question formulation (if for example authors select questions with 
prior knowledge of existing data on the subject area), moving on to the 
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search strategy (if authors only search in certain databases or define 
inclusion and exclusion criteria that they know will yield, for example 
studies favourable to their research question, then the resultant evidence 
will be biased) all the way through to the results and conclusions (Stern & 
Simes 1997, Bjordal 2003, Higgins et al. 2011a). However, risk of bias is 
not synonymous with quality, as the latter is related to the critical analysis 
and appraisal of the evidence produced by the studies included in a 
systematic review, and thus refers to the assessment of methodological 
quality which is a determination of whether the study was conducted 
following high standards (Higgins et al. 2011a). In other words, a 
systematic review may be undertaken in a recognised quality manner, 
however, despite this, the results achieved may be poor owing to the 
methodological quality of the included studies, not actually as a result of a 
poorly conducted systematic review. 
 
The Grading of Recommendations Assessment, Development and 
Evaluation (STAGE) working group (Atkins et al. 2004) argues that if, in a 
study or systematic review, an estimate of effect is actually correct, then 
the evidence produced has quality. However, there are some essential 
elements that have to be considered for quality evidence to be achieved, 
these are: study design, methodological quality of studies included, 
consistency (or reliability), directness of evidence, imprecision of effect 
estimates and risk of publication bias (Atkins et al. 2004, Schünemann et 
al. 2011).  
 
Study design refers to the design being used to answer the research 
question. Fundamentally, the choice of design needs to be appropriate to 
facilitate answering of the research question (Atkins et al. 2004). For 
example if a researcher is studying the impact of pressure ulcer related 
pain on individuals’ quality of life, then a randomised controlled trial is an 
inappropriate choice for study design. In this case a quantitative 
descriptive survey approach may be chosen, or alternatively one to one 
interviews using a qualitative approach may also be chosen (Holland & 
Watson 2012). 
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Methodological quality refers to the appropriateness of the methods 
employed and the subsequent way in which a study is executed (Atkins et 
al. 2004, Schünemann et al. 2011). For example, for randomised 
controlled trials randomisation and allocation concealment are important 
steps and failure to adhere to the rigours in design and application of 
these could potentially increase the risk of bias of the individual study or of 
the systematic review (Atkins et al. 2004, Schünemann et al. 2011). 
 
Another important element is consistency, which, in this instance, refers to 
the similarity of the results obtained across studies. Fundamentally, if the 
study were to be replicated, the results and estimate effects achieved 
should be the same or very similar (Atkins et al. 2004, Schünemann et al. 
2011, Holland & Watson 2012). If there are inconsistencies in results 
across similar studies, this reduces the confidence which one can have in 
the outcomes of a systematic review (STAGE Working Group 2004). In 
relation to directness of evidence of a review this refers to the degree of 
similarity between the population, intervention, comparator and outcome of 
studies included (Atkins et al. 2004). For example, directness of evidence 
may be related to the interventions being compared, if a systematic review 
identifies studies that individually compare an intervention with a placebo, 
but do not compare them directly, the evidence obtained will be indirect 
(Schünemann et al. 2011). Furthermore, if the persons of interest are 
sicker or older than those included in the studies, then the directness of 
evidence is challenged (STAGE Working Group 2004). 
 
Imprecision of estimate effects occurs when studies have too few 
participants and events, or when the confidence intervals are too wide 
(Atkins et al. 2004, Schünemann et al. 2011). Furthermore, the quality of 
available evidence may be low, because researchers decide to publish or 
not to publish their studies depending on the statistical direction of the 
results (Atkins et al. 2004, Schünemann et al. 2011, Sterne et al. 2011). 
This selective reporting hinders the quality of systematic reviews, because 
reviewers do not have access to all the evidence published and thus this 
could influence results and conclusions drawn. 
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In summary, although systematic reviews are a research method that 
allows for the best-evidence to be accessed, if the way the review is 
conducted is flawed, or if the studies included have flaws which are not 
clearly identified, then the evidence produced from the review can be 
questioned. For this reason it is important to further discuss the risk of bias 
as this can compromise the conclusions drawn within systematic reviews. 
 
2.3.1. Systematic Reviews: Literature Bias 
Well conducted systematic reviews, through the analysis and synthesis of 
research provide the highest level of evidence that can be used for clinical 
decision-making. However, if the studies included in systematic reviews 
are not a true representation of all the available evidence pertaining to a 
specific a subject area then the systematic review will be biased (Guyatt et 
al. 2011a, Song et al. 2010). For this reason it is essential, not only to 
identify the different potential bias within the literature, but also to analyse 
their specific characteristics. Song et al. (2010), Sterne et al. (2011) and 
Holland & Watson (2012) identify the following potential biases within the 
literature: 
 Publication bias; 
 Outcome reporting bias; 
 Time lag bias; 
 Citation bias; 
 Language bias; 
 Multiple publication bias; 
 Location bias. 
 
In order to enhance the validity of the results produced by systematic 
reviews it is essential that reviewers identify and report any literature bias 
they come across. This enhances the transparency of the research 
process and increases reliability in the evidence obtained. 
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2.3.1.1. Publication Bias 
Publication bias occurs when research findings are published or not based 
on the direction and nature of results achieved (Dwan et al. 2008, Song et 
al. 2010, Sterne et al. 2011, Holland & Watson 2012). Publication bias can 
also be dependent on whether the study findings are statistically 
significant or not and also on whether the results are positive or negative 
for a specific intervention or group of interventions (Song et al. 2010). For 
example, in a study by Stern & Simes (1997) where 520 eligible studies 
were analysed in terms of publication bias including 218 studies which had 
tests of significance. The authors identified that those studies with positive 
results (p<0.05), were more likely to be published then those with p≥0.1. 
Furthermore, in a retrospective study by Decullier et al. (2005) of 649 
research protocols, 501 of these protocols were brought to completion of 
the study, however, only 190 (38%) of the studies were published as their 
results had confirmatory, the remaining studies had inconclusive results. 
Other sources of publication bias also exist, for example, the researchers 
themselves, the editorial review process, the peer review process, funding 
bodies, small sample size and study design (Song et al. 2010, Stern et al. 
2011). 
 
In a systematic review by Hopewell et al. (2009) publication bias was also 
identified, where they found that 73% of trials with positive findings were 
expected to be published whilst only 41% of trials with negative findings 
were expected to be published. From the evidence presented here it is 
evident that there is a tendency to publish studies where results are 
positive. This is of importance in the synthesis of results, because the 
reviewer will only be synthesising a portion of results and as such may 
inadvertently suggest that the evidence favours an intervention, however, 
were the reviewer to have all the evidence, both positive and negative, an 
alternate conclusion may be drawn. It is clear that this will have an impact 
on clinical decision making and as such should be identified within the 
systematic review (Song et al. 2010).    
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If negative results are not published then there is a risk of potential harm 
to a population. For example, Cowley et al. (1993) found a study 
conducted in 1980 where a group of patients were treated with Lorcainide 
(class 1C anti-arrhythmic) and the other with placebo, 18% (9/49) of 
patients being treated with Lorcainide died, however these results were 
not promptly published.  
Furthermore, Teo et al. (1993) found that there was increased mortality for 
patients being treated with class 1C anti-arrhythmic drugs. These two 
studies show the danger of authors not publishing all of their results, 
because if the 1980 study had been published, the class 1C anti-
arrhythmic tablets would probably not have been used and thus people in 
subsequent studies and clinical practice would not have died. From this 
example the danger of publication bias is highlighted. This is of concern 
where systematic reviews do not access, through the search strategy, all 
the data and evidence available, thus are at risk of making flawed 
recommendations to practice. 
 
2.3.1.2. Outcome Reporting Bias 
Another form of bias that can be found in the literature is selective 
outcome or outcome reporting bias. This type of bias occurs when 
researchers within their study, of the various outcome measures 
enunciated, decide to report only some of the outcomes. The outcomes 
reported are often selected on the basis of their statistical significance, 
which invariably will influence the overall direction of the results of the 
study (Song et al. 2010, Stern et al. 2011, Holland & Watson 2012). 
Outcome reporting bias becomes evident when the protocol of a study is 
compared to the final study, where one can assess the number and nature 
of the outcomes enunciated in the protocol with those reported in the final 
study. 
Hahn et al. (2002), in their pilot study to assess within-study reporting, 
compared outcomes reported in protocols with the actual published 
results. From 41 replies from researchers of 56 projects, fifteen studies 
were investigated. Of these fifteen studies six specified outcomes of 
interest and of these four were consistent with the report. Eight of the 
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fifteen studies had a protocol, however only one study followed the 
protocol. This data shows that some studies do not follow through with 
their planned protocol and do not report on all outcome measures.  
 
In another study by Chan et al. (2004a), where 102 trials were analysed, in 
general 50% of efficacy and 65% of harm outcomes per trial were under 
reported. It was also found that statistically significant outcomes had 
higher chances of being completely reported when compared with 
outcomes for both efficacy and harm with no statistical significance. 
Moreover, in this study, from the published studies with protocols 62% had 
at least one outcome that had been changed, added or omitted, to 
accommodate results. Interestingly, despite evidence to the contrary as 
outlined previously, of the survey responders, 86% denied under or 
selective reporting of outcomes, this figure is very striking, as one might 
argue that researchers know that they are introducing bias within their 
studies and seem to be indifferent to the fact that this bias can greatly 
hinder the robustness of the evidence being produced (Chan et al. 2004a).  
 
Chan et al. (2004b) also looked at outcome reporting bias on a trial funded 
by the Canadian Institute of Health Research. Despite the preconceived 
notion that government-funded studies follow a more unbiased process, 
the authors found that of the 48 trials identified, 31% of the efficacy 
outcomes and 59% of the harm outcomes were only partly reported, also 
outcomes between protocols and published studies varied for 40% of the 
trials. In a further retrospective review Chan et al. (2005) found that 20% 
of outcomes were incompletely reported, and the rationale given for this 
under reporting included space restrictions, low clinical and statistical 
significance.  
 
Smith et al. (2011) also explored the reasons why researchers do not 
report all outcome measures. From 161 potential researchers, 59 were 
interviewed, of these 16 did not report outcomes analysed at time of 
publication, 17 collected outcome data but did not analyse them and 5 did 
not measure a specific outcome. Smith et al. (2011) found that almost all 
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studies where outcomes had been defined and analysed all were not 
reported (15/16, 94%). This introduces a significant risk of bias, worryingly 
and in a quarter of the studies assessed, the direction of the findings 
influenced the researcher decision not to analyse the data collected 
pertaining to that outcome.  
 
The issue of selective reporting is not unique to original studies this issue 
of bias is also present in systematic reviews. For example, in a systematic 
review of systematic reviews looking at selective inclusion and reporting of 
outcomes and analysis Page et al. (2014) concluded that 38% of 
systematic reviews added, omitted, promoted or demoted at least one 
outcome between the systematic review protocol and the final published 
review. There was also an increase in the risk of adding or upgrading an 
original outcome from secondary to primary depending on the statistical 
significance of the results within the included studies. 
 
In conclusion it is evident that outcome reporting bias happens within 
studies and that this is sometimes consciously done by researchers. The 
result is that this creates a bias in the synthesis of the available evidence, 
which can have a negative impact on the body of knowledge. 
 
2.3.1.3. Time Lag Bias 
Time lag bias refers to the speed with which studies are published and is 
often dependent on the direction, nature and statistical significance of the 
results (Song et al. 2010, Stern et al. 2011, Holland & Watson 2012). For 
example, in a study by Stern & Simes (1997) where 520 eligible studies 
were analysed, of these, results from 218 studies were statistically 
significant, had positive results and took a significantly shorter time to be 
published, a median of 4.8 vs 8.0 years. Furthermore, studies that had 
inconclusive results took longer time to be published when compared to 
studies with negative results.  
Ioannidis (1998) in a prospective study of 109 randomised trials found that 
the median time from the start of the study to its publication was 5.5 years; 
however, this time was longer if results were negative. The author also 
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found that studies with positive results were published quicker than 
negative studies after submission (median 0.8 vs 1.1 years, p=0.04) a 
finding also supported by Decullier et al. (2005).  
 
Hopewell et al. (2007a) in their systematic review with a total 196 trials, 
found that trials with positive results were published in around 4 to 5 years, 
whereas negative trials with no differences between groups, took around 6 
to 8 years to be published. Considering that systematic reviews strive for 
the summary of the most up-to-date evidence, it seems likely that it will 
never be possible for a systematic review to conclude that its evidence is 
the most recent, as there are always studies being published and of those 
some might publish less popular results that could invariably change the 
direction of the results in a systematic review if these were included. For 
this reason it is important that systematic reviews are updated to include 
all the available evidence, so that conclusions may be valid and of 
significance for practice. 
 
2.3.1.4. Citation Bias 
Citation bias refers to the citation or not of studies according to the study 
direction, nature and significance (Song et al. 2010, Stern et al. 2011, 
Holland & Watson 2012). For example, Kjaegard & Gluud (2002) reviewed 
530 randomized clinical trials on hepato-biliary diseases and found that 
trials with statistically significant outcomes had a statistically significant 
positive association with citation frequency. Indeed, Nieminen et al. (2007) 
in an evaluation of 448 original studies, found that 287 (77.8%) had 
p<0.05, within the studies, the median number of citations of significant 
and non-significant studies was 33 vs 16 respectively. The authors 
therefore concluded that studies with p<0.05 are cited more often. 
 
Chapman et al. (2009) in a meta-analysis of 42 studies on tobacco 
smoking among schizophrenia subjects, hypothesised that studies 
reporting high smoking rates would be cited more often than studies 
reporting lower rates. The authors concluded that a 10% increase in the 
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reported prevalence of smoking was associated with a 61% increase in 
citation rate.  
 
In summary, citation bias, also impacts negatively on the conclusions 
drawn from systematic reviews, because the studies that are more often 
cited will be more readily accessible and used in systematic reviews, thus 
creating bias in the included evidence. 
 
2.3.1.5. Language Bias 
Language bias is related to publication of research results in a particular 
language depending on the direction, nature and significance of the results 
(Stern et al. 2011). Systematic reviews often have a tendency to include 
only studies published in English (Stern et al. 2011), by limiting the search 
strategy to English language only or by defining in its inclusion/exclusion 
criteria studies only published in English. However, in limiting the body of 
evidence by applying language criteria, the researcher will only access 
part of the evidence available around a particular subject because all the 
other studies that have been conducted in non-English languages will be a 
priori excluded. To avoid language bias researchers therefore, need to 
consider including non-English studies in their systematic reviews. For 
some researchers, however, there is a lack of access to translation 
services, and financial funds to pay for the translation (Moore 2012). 
Nonetheless, the researcher should acknowledge this limitation and report 
the difference in the number of articles retrieved with and without language 
limits. 
 
Interestingly, Moher et al. (1996) in their comparison study of 133 trials 
published in English and 96 trials publish in French, German, Italian or 
Spanish, found no significant differences between trials in terms of quality 
and statistically significant outcomes and therefore, concluded that studies 
should be included in systematic reviews irrespectively of study language. 
However, Jüni et al. (2002) identified 303 meta-analyses where 159 used 
a comprehensive literature search of which 50 included 485 English and 
115 non-English language trials. In 29 (of 50) meta-analyses, after 
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exclusion of non-English language trials the change in effect estimates 
was less than 5%. In the remaining meta-analysis, 5 showed more 
benefits when the non-English language trials were removed whereas 16 
showed less benefit. The authors therefore, concluded that excluding non-
English language trials has little impact on effect estimates. 
 
In summary, language bias is considered to be an issue of concern in 
terms of the synthesis of the available evidence. However, there appears 
to be conflicting views pertaining to the impact of language restrictions on 
the overall weight of evidence. None the less, it seems important to 
consider studies in all languages to be reassured that the breath of 
evidence has been included.  
 
2.3.1.6. Multiple Publication Bias 
Multiple publication bias occurs when studies, because of the statistical 
significance of their results, are published in more than one journal (Song 
et al. 2010, Stern et al. 2011). It is suggested that studies with positive 
results are more likely to be published in more than one journal thus it will 
be easier to locate them, over other studies, and as such these studies will 
be included more often in systematic reviews (Egger & Smith 1998). The 
risk is, if studies are published under a different order of author’s names, 
or with a slightly different title they might all be included in the same 
systematic review thereby leading to an overestimation of the effects of an 
intervention. 
 
Tramer et al. (1997), in their review of 84 randomised controlled trials 
investigating the effect of Ondansetron on postoperative emesis, found 
that data from 9 trials had been published in 14 further reports. The 
authors also found that 17% of the full report of trials and 28% of patient 
data were duplicated. As a result of inclusion of duplicate data in the meta-
analyses, there was a 23% overestimation of the efficacy of Ondansetron. 
 
In summary, multiple publication of the same study can bias the result of 
systematic reviews, leading the reviewer to unwittingly suggest that there 
60 
 
is a greater weight of evidence than actually exists. Therefore, reviewers 
should be alert for the potential for this aspect of bias within the existing 
literature. 
 
2.3.1.7. Location Bias 
Location bias occurs when studies with statistically significant results are 
published in journals with a greater ease of access (Stern et al. 2011). 
However, Pittler et al. (2000) analysed 351 trials in the field of 
complementary and alternative medicine to investigate location bias. The 
authors found that positive trials were predominant in non-impact factor 
journals of complementary/alternative medicine journals and mainstream 
medical journals in 58/78 and 76/102 of cases respectively. The authors 
also report that in high impact factor mainstream medical journals there 
were an equal number of published positive and negative trials 37/74 
(p<0.05). However, Pittler et al. (2000) noted that high impact factor 
mainstream medical journals seemed to favour positive trials, even though 
their quality might be poor. The authors suggest that there seems to be 
bias towards the location of trials in terms of journal type and journal 
impact factor, in relation to complementary and alternative medicine, and 
these factors should be taken into account when complementary and 
alternative medicine research is being examined.  
Location bias is also related to accessibility of studies depending on 
different indexing in databases (Stern et al. 2011). For example, Sampson 
et al. (2003) assessed whether searching EMBASE additionally to 
MEDLINE, would yield any additional trials that could influence meta-
analysis. Of 98 meta-analyses assessed, 28 had at least one trial that was 
indexed in EMBASE but not in MEDLINE. The authors also found that 
trials indexed in EMBASE but not in MEDLINE had a 29% smaller 
treatment effect and therefore concluded that searching in EMBASE 
yielded a small contribution to the general assessment of intervention 
effectiveness in systematic reviews.  
 
Another type of location bias is country bias, where some countries might 
publish studies with more significant results when compared with others. 
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For example, in a study by King (2004) 31 countries including Australia, 
Austria, Belgium, Brazil, Canada, China, Denmark, Finland, France, 
Germany, Greece, India, Iran, Ireland, Israel, Italy, Japan, Luxembourg, 
the Netherlands, Poland, Portugal, Russia, Singapore, Spain, South 
Africa, South Korea, Sweden, Switzerland, Taiwan, the United Kingdom 
and the United States, accounted for 98% of the worlds most cited papers, 
and the remaining 162 countries contributed only 2%. It is unclear why this 
is so, as it could relate to the proliferation of research from these 31 
countries, however, it is worrying if there is research emerging from the 
162 other countries, which is rejected by journals based on the 
geographical location of origin. The risk with location bias is that access to 
studies with different statistical significance in results that could be 
relevant for systematic reviews may not be readily available as their 
indexing could be biased. 
 
2.3.2. Risk of bias in included studies 
Higgins et al. (2011a) identify potential biases that can affect the relevance 
of the results achieved in a study, these biases will also influence the 
quality of systematic reviews and meta-analysis. As randomised controlled 
trials are the main type of studies included in many reviews, the types of 
biases associated with these studies will be explored here. 
 
These biases can be categorised as: 
 Selection bias; 
 Performance bias; 
 Detection bias; 
 Attrition bias; 
 Reporting bias. 
 
Assessing the potential presence of these biases in the studies that are 
going to be included in systematic reviews is paramount because the 
presence of bias can influence the study validity and thus lead to flawed 
conclusions (Higgins et al. 2011a). Additionally, if individual studies 
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present variable amounts of bias this can give rise to disparate results 
from the studies included in systematic reviews, which in turns accounts 
for heterogeneity (Higgins et al. 2011a). Another important aspect of 
assessing the risk of bias is that this should consider both the risk of bias 
posed by incomplete reporting of outcomes in addition to the risk of bias 
present in the design and conduct of a study (Higgins et al. 2011a). The 
latter is very important because if a study is not properly conducted, one 
can argue that the study presents some level of risk of bias and this 
should be borne in mind in interpreting the relevance of the study findings. 
 
2.3.2.1. Selection bias 
Selection bias refers to systematic differences between the intervention 
and control group and is related to the allocation of participants to the 
intervention or control group (Higgins et al. 2011a). For researchers to be 
able to successfully allocate participants to the groups in an unbiased way 
they need to use methods of randomization. Two methods to achieve an 
unbiased allocation of participants are adequate sequence generation and 
allocation concealment. 
 
In random sequence generation researchers need to describe the method 
used for randomising participants to each of the groups, as each 
participant needs to have the same chance of being randomised to the 
intervention or control group (Higgins et al. 2011a, Holland and Watson 
2012). Random sequence generation creates unpredictability and thus 
reduces the chances of bias. In relation to allocation concealment, 
researches need to detail which method was used to ensure that 
researchers did not influence the groups to which participants were 
allocated because of knowledge of the random sequence generation 
(Holland & Watson 2012). Allocation concealment prevents bias by 
protecting the random sequence generation throughout the study until all 
recruitment is finished (Higgins et al. 2011a). 
 
A study by Schulz et al. (1995) analysed the association between trial 
quality and estimate effects of 250 trials from 33 meta-analyses. The 
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authors identified that 79 trials had adequate allocation concealment, 21 
presented an inadequate allocation and in 150 studies this aspect of trial 
design was unclear. The authors (Schulz et al. 1995) found that trials with 
inadequate or unclear allocation reported a higher estimate effect when 
compared to the other studies. This aspect of bias is important to consider 
as reviewers conducting systematic reviews and meta-analysis cannot be 
sure if the effects achieved are due to the intervention being studied or the 
fact that there were inconsistencies in the study methodology. 
 
In a study by Moher et al. (1998) from 11 meta-analyses, which included 
127 trials, only 15% under masked (blinded) conditions and 14.3% under 
unmasked (not blinded) conditions reported on random sequence 
generation. Also, only 16% of trials reported adequate allocation 
concealment, 14.3% and 10.7% under masked and unmasked conditions 
respectively. Moher et al. (1998) concluded that low quality trials 
presented a 34% increased estimate of treatment effect. This suggests 
that both the sequence generation and the allocation concealment were 
not effective in the studies analysed and the results obtained might have 
been influenced by selection bias, because, for example, some 
researchers might have known which group certain participants were 
assigned to.  
 
Another study by Siersma et al. (2007), which looked at the association 
between trial quality and estimate effects, found that of the 41 reviews 
included (containing 48 meta-analysis summarizing 513 trials of which 
only 495 trials were analysed) 76% showed inadequate sequence 
generation and 71.9% showed inadequate allocation concealment and 
were thus classified as being of poor quality. In the studies classified as 
having inadequate concealment, methods used for sequence generation 
were not described or authors mentioned that there was quasi-
randomisation. With respect to allocation concealment this was not 
described, or alternation or open allocation was used, which irrevocably 
introduces bias in the study and in the conclusions reached. 
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2.3.2.2. Performance and Detection bias 
Performance bias is related to any systematic differences that might exist 
in the care being provided or in the exposure to any factors that are not 
part of the intervention being studied, between the intervention and the 
control group (Higgins et al. 2011a). A way of dealing with performance 
bias is by blinding the participants of the study and the personnel involved 
in the study (Higgins et al. 2011a). Blinding involves preventing the 
participants and personnel involved in the study from knowing which 
intervention a particular participant will receive (Higgins et al. 2011a, 
Holland & Watson 2012). If participants or personnel know which 
intervention is being attributed to a particular participant or group, both the 
participant and/or personnel might change their behaviour, in a more 
positive or negative way to achieve a certain result. As a consequence this 
change in behaviour can affect the actual outcome being measured and 
thus introduce bias in the results being produced.  
 
In a study by Armstrong et al. (2001) where a total contact cast, a 
removable cast walker and half-shoes were compared in terms of their 
effectiveness to heal neuropathic diabetic foot ulcers, the authors failed to 
report if participants and personnel involved had been blinded to the 
intervention. 
 
Another study by Van de Weg et al. (2008) where a total contact cast and 
custom therapeutic footwear were compared in terms of their effectiveness 
to heal neuropathic diabetic foot ulcers, the authors reported the difficulty 
and even impossibility in blinding the participants as offloading devices 
cannot be masked. In this example it is possible to see that blinding 
participants and personnel is impossible, however the first authors need to 
recognise this constraint in the study and explain how they dealt with this 
issue, which clearly has the potential to introduce bias into their research 
evidence. 
 
Detection bias is related to any systematic differences between the 
intervention and the control group in relation to how outcome measures 
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were achieved (Higgins et al. 2011a). Here blinding of the outcome 
assessors is the method that is used to avoid detection bias (Higgins et al. 
2011a). This type of blinding involves preventing the outcome assessors 
involved in the study from knowing which intervention a particular 
participant received (Higgins et al. 2011a, Holland & Watson 2012). Here 
blinding becomes very important because if outcome assessors know of 
the group assignment they might change their assessment in order to 
benefit either of the groups, or to reach a more positive and significant 
result. Van de Weg et al. (2008) reported that the researchers were not 
involved in the study treatments, thus reducing detection bias. In relation 
to the study by Armstrong et al. (2001) it is not clear if the investigators 
had knowledge of the allocated interventions or if they had any direct 
participation in the interventions being studied (for example application of 
casts). The fact that the authors did not address how they dealt with 
possible detection bias suggests a risk that some level of bias occurred 
which could have had a positive or negative influence in the results 
obtained. 
 
Blinding, like sequence generation and allocation concealment is a 
fundamental aspect of any trial, and systematic reviews or meta-analyses 
should always assess if trials included report blinding. The lack or 
inappropriateness of blinding can negatively impact in the study because 
the results might be enhanced by that fact that bias is present and not 
because of the intervention in itself. For example, in a study by Kjaergard 
et al. (2001) the effect of methodological quality of trials in the overall 
estimate of effect was analysed comparing any discrepancies between 
small and large trials in meta-analyses. According to the authors of 14 
meta-analyses, including 190 trials, 54% reported adequate blinding and 
when large trials were compared with small trials the odds ratio of a 
positive effect within the study, was exacerbated by 48% in the small trials 
without blinding (p=0.01). This means that there is an actual probability 
that non-blinding leads to an exaggerated estimate effect in smaller trials 
when compared to large trials. Furthermore, if a small trial shows more 
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statistically significant results when compared with large trials, this could 
have been influence by either performance or detection bias.  
Indeed, Kjaergard et al. (2001) reports that there was no difference 
between large and small trials when blinding was adequate. 
Interestingly, another study by Fergusson et al. (2004) where reporting 
and success of blinding in trials were analysed from 191 trials found that 
only 2% included blinding in relation to participants or outcome assessors. 
 
From the lack of blinding evident in the trials reported one can argue that 
the quality of the evidenced being produced can be questioned because 
one cannot be certain that the intervention being analysed is the reason 
why an effect (positive or negative) occurs. Moreover, the fact that 
systematic reviews combine studies where these aspects of quality are not 
strictly appraised, then the evidence produced by the systematic review 
can also be questioned. This holds true simply because, as seen in the 
examples above, participants and personnel taking part in the research 
process may change their behaviour to accommodate the researcher’s 
expectations which in reality further hinders the study quality and validity. 
 
2.3.2.3. Attrition bias 
Attrition bias is related to any systematic differences between the 
intervention and the control group because of participants withdrawing 
from the study (Higgins et al. 2011a). If there is loss of participants, 
because of exclusions or attrition, this will lead to incomplete outcome 
data (Higgins et al. 2011a). To avoid incomplete outcome data 
researchers need to describe completely all the outcome data for each 
main outcome, counting any attritions or exclusions in the analysis 
(Higgins et al. 2011a).  
Attrition is related to the number of drop-outs during the study period and 
exclusion refers to any participants being excluded from the final analyses 
(Higgins et al. 2011a). These two situations can influence the effect 
estimate in a positive or negative way and thus the significance of the 
evidence produced. Some examples of attrition include participants that 
cannot be located and are lost to follow-up, participants that withdraw from 
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the study. Examples of exclusion include participants that are later found 
to be ineligible for the study (Higgins et al. 2011a).  
 
In intention-to-treat analysis the aim is to include all the participants of the 
study independently of what happened after allocation to a specific study 
group (Higgins et al. 2011b). The principles of intention-to-treat analysis 
include keeping the participants in their initially assigned groups, 
measuring the outcomes of interest on all participants and including all 
randomised participants in the analysis (Higgins et al. 2011b). By following 
these principles when analysing and reporting outcome measures, bias 
can be avoided, and thus contributes to better quality evidence. 
 
In a study by Faglia et al. (2010) where a total contact cast and Stabil-D 
were compared in terms of their effectiveness to heal plantar diabetic foot 
ulcers, the authors report that 3 participants did not complete the study 
and were considered dropouts, however data relating to these participants 
were not analysed as intention-to-treat, creating bias in the results and 
conclusions of this study. 
 
In a study by Tierney & Stewart (2005) attrition bias, mainly exclusion of 
participants, was assessed to try and understand if this affects trials and 
thus meta-analyses results. From the 133 included trials, 92 (69%) trials 
excluded 0.3 to 38% of participants, the main reason being ineligibility and 
protocol violation. Although the authors mention that it was not clear that 
these exclusions affected the results of the trials in favour or against the 
intervention or control group, it seems that inconsistencies in the results 
increased as a consequence of exclusions. Another important aspect 
observed by the authors was that more than a third of the participants 
were excluded because their eligibility was re-defined after randomisation.  
 
Siersma et al. (2007) also report attrition bias, and explore the use of 
intention-to-treat analysis. Of the 495 trials included in 41 reviews, 72.9% 
of the trials did not report intention-to-treat analysis, and thus their quality 
was considered to be inadequate. However, 27.9% reported intention-to-
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treat analysis thus their quality was considered to be adequate. If excluded 
participants are not reported with reasons for exclusion and if intention-to-
treat analysis is not done there is a risk that the outcomes of the study will 
be biased and there could be an overestimation of the intervention effects. 
 
In a Cochrane systematic review Jull et al. (2008) looking at trials 
assessing honey for the treatment of acute and chronic wounds, of the 19 
included trials only 3 trials reported intention-to-treat analysis, and for the 
remaining 16 it is not known how, for example, participant’s exclusions or 
losses to follow-up were dealt with. As in the previous studies, if the 
possibility of attrition bias is not clearly reported and identified in the 
systematic review process, and if intention-to-treat analysis is not used 
then there is a risk that the evidence produced by the study will potentially 
negatively influence the quality of the outcomes of the systematic review. 
 
2.3.2.4. Reporting bias 
Reporting bias is related to any systematic differences between reported 
and unreported findings, because researchers will preferably report 
findings where a statistically significant difference between the groups 
exists (Higgins et al. 2011a). Those findings that show a negative outcome 
due to the intervention or that are non-significant might be omitted. This 
behaviour is defined as outcome reporting bias or selective reporting bias 
and has been previously discussed. 
In summary, bias can have a detrimental effect on the outcome measure 
analysis and thus may compromise results and evidence produced, 
because one does not know if the effect obtained is true or it occurred due 
to some minor or major interference in the study process. 
 
2.3.3. Dealing and avoiding Bias in Systematic Reviews 
Bias can have a negative impact on the evidence produced by systematic 
reviews, because there is a tendency to over inflate studies with more 
positive results, even though the study quality might be poor. Moreover, 
this focus on positive over negative estimates of effects can be detrimental 
as sometimes false or weak positive results might lead to the promotion of 
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inappropriate interventions or practices. For this reason it is important that 
systematic reviews are truly systematic and as such attempt to include all 
the possible evidence available and always report any potential for bias in 
the included studies or in the review itself. 
 
According to Song et al. (2010) and Stern et al. (2011) there are a few 
strategies that can help reduce literature bias in systematic reviews, these 
include the inclusion of unpublished literature, the use of trial registers, the 
search strategy, the assessment of the quality of the included studies and 
also of the systematic review itself. 
 
Systematic reviews normally include only studies that have been 
published and are available through mainstream journals however, 
unpublished studies may also add to the body of knowledge and help 
avoid or decrease the risk of bias. For example, in a systematic review 
Hopewell et al. (2007b) investigated the impact of grey literature in 
randomised controlled trials of healthcare interventions, and found that of 
the five studies included, all showed that published trials had a general 
greater treatment effect (9%) than the trials reported within the grey 
literature. The authors also found that meta-analyses included more 
published trials than those existing within the grey literature as these were 
mainly abstracts (55%) and unpublished data (30%). The authors 
conclude that evidence is limited to suggest that grey literature trials are of 
poorer methodological quality than published trials. 
According to Stern et al. (2011) one of the main reasons why grey 
literature is not included in systematic reviews is due to the fact that they 
are not peer-reviewed. However as the peer-review process in itself can 
be biased, as such it should not be considered as the ultimate test of 
quality. 
 
Another strategy to try and avoid or reduce bias in systematic reviews 
relates to the use of trial registers (Chan et al. 2004a, Stern et al. 2011). 
Trial registers involve registering studies from inception, including 
protocols, before they can be considered for publishing, so that 
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transparency can be assured. When it comes to the review process and 
for publishing the final study, outcome measures can be compared with 
the initial protocol. If discrepancies are found researchers can then justify 
those discrepancies enhancing transparency and thus reducing bias. 
Song et al. (2010) suggest another method to help avoid or reduce bias 
involves the search strategy. For a systematic review to be rigorous, the 
search strategy needs to be well planned in order to retrieve all the 
relevant studies related to the study subject area. For this to happen there 
has to be a balance between sensitivity, which is the identification of the 
relevant studies within the total number of studies that exist, and precision, 
which is the ability to identify the relevant number of studies within those 
that have been retrieved (Song et al. 2010). It is also necessary that the 
search terms used are not too specific as this will reduce the sensitivity of 
the search. Instead more generic terms, whenever possible, should be 
used (Song et al. 2010). Furthermore, it is important that reviewers use a 
varied range of search modalities that spans from electronic databases, to 
hand searching of journals, citation tracking and contacting of experts in 
the area, as this shows that the reviewer has extensively searched for all 
the available literature on the topic being investigating and thus tried to 
reduce the chances of bias. Moreover it is important that researches avoid 
language restrictions as this will limit the available evidence.  
 
To avoid, reduce or even detect literature bias in systematic reviews, it is 
essential that the studies included and the outcomes of the systematic 
reviews are reported and its methodology is sound. These elements will 
invariable influence the quality of the systematic reviews. For this purpose 
tools and guidelines have been developed to help researchers report 
individual trials and also to assess the quality of systematic reviews. 
 
In terms of assessing individual studies and thus improving their reporting, 
the CONSORT statement and the STROBE statement have been 
developed, the former focusing on randomised controlled trials and the 
latter on observational studies in epidemiology. The CONSORT statement 
is a 25 item checklist that analysis if all the steps in the research process 
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have been reported (see Appendix 1) and provides guidance for reporting 
randomised controlled trials, through the use of a checklist of items that 
should be included in reports of randomised controlled trials (Moher et al. 
2010). Through the use of CONSORT researchers will be able to develop 
and report evidence in a more clear, complete and transparent way as well 
as being able to appraise the quality of the evidence produced (Schulz et 
al. 2010). One can conclude that if researchers use this tool consistently 
their study will be of high quality and the evidence produced will accurately 
inform practice. 
 
The Strengthening the Reporting of Observational Studies in Epidemiology 
– STROBE statement, is a guideline that gives recommendations on what 
should be included in observational studies so that these are accurate and 
complete (von Elm et al. 2007). This statement is based on the premise 
that all research should be transparent, thus reducing bias, so that those 
accessing the evidence can be sure that this is of high quality. Like the 
CONSORT statement, STROBE statement is a checklist, in this case of 22 
items (see Appendix 2), that are considered by its authors to be of 
fundamental importance for good reporting of observational studies (von 
Elm et al. 2007). The STROBE statement also analysis if all the steps of 
the research process have been followed. Although the purpose of 
STROBE is not to assess quality of published observational research, if 
the reporting of observational studies is properly done and bias avoided at 
the different stages, then one can argue that this will contribute to a higher 
quality study than if the guidelines were not followed. 
 
In relation to systematic reviews the PRISMA statement, the AMSTAR tool 
and the STAGE guidelines are used to help improve the reporting of 
systematic reviews and assess their quality, respectively. 
 
The Preferred Reporting Items for Systematic Reviews and Meta-analysis 
– PRISMA statement, previously known as the QUOROM statement, was 
developed to help researchers improve reporting of systematic reviews 
and meta-analyses, however it can also be used for reporting systematic 
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reviews that included other type of studies (Moher et al. 2009). PRISMA 
comprises of a 27 item checklist (see Appendix 3), where the items that 
need to be included when reporting a systematic review are identified, and 
it also comprises of a flow-diagram that gives information regarding the 
search strategy used in the systematic review (Moher et al. 2009). Though 
its main purpose is to help improve reporting of systematic reviews and 
meta-analyses and it is not a quality assessment tool per se, the PRISMA 
statement can also be used for critical appraisal of systematic reviews, 
because if there are inconsistencies in the reporting, this could mean that 
the research process and respective steps were not rigorously followed 
which in turn can lead to biased conclusions and evidence that will 
downstage the quality of evidence produced.  
 
In relation to the AMSTAR tool, its focus is to assess the methodological 
quality of systematic reviews (Shea et al. 2007, Shea et al. 2009). This 
tool consists of an 11 items (see Appendix 4) checklist and allows 
researchers to assess if their systematic review has methodological 
quality. If the quality is found to be low, researchers can address the 
problems identified and improve their study and consequently the 
evidence produced, thus consciously contributing for the dissemination of 
high quality evidence. 
 
The final tool/guideline that will help improve the quality of systematic 
reviews is the STAGE guidelines. The STAGE guidelines are a system 
that rates the quality of evidence and stages the strength of 
recommendations from systematic reviews, health technology 
assessments and clinical practice guidelines (Guyatt et al. 2011b). 
Focusing on systematic reviews, STAGE tries to outline the quality of 
evidence produced by systematic reviews, looking at the extent to which 
there can be confidence that an estimate effect is appropriate 
(Schünemann et al. 2011). In order to reach transparency STAGE rates 
the quality of evidence in four levels: high, moderate, low and very low 
(Guyatt et al. 2008). These guidelines will help assess if the quality of 
evidence produced by systematic reviews is of high quality looking to 
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reduce risk of bias, risk of publication bias, imprecision, indirectness and 
inconsistency, that have been previously discussed (Schünemann et al. 
2011). 
 
In summary, researchers have a variety of tools that can be used to 
improve not only reporting of individual studies and systematic reviews but 
also the quality of the study and the evidence produced, by identifying and 
avoiding/reducing literature bias. This will invariable help produce high 
quality and best evidence that can be used to inform and improve practice. 
 
2.4. Systematic reviewing of quantitative or qualitative research 
Systematic review is a research method that objectively and rigorously 
retrieves, summarises, critically interprets and evaluates all the available 
published and unpublished primary research relating to a specific 
subject/healthcare problem (Cook et al. 1997, NHRMC 2000, Magarey 
2001, White & Schmidt 2005, Fineout-Overholt et al. 2008, McGowan 
2012). 
Furthermore, systematic reviews can focus, depending on the research 
question, on summarising quantitative or qualitative research data and so 
researchers can decided on doing meta-analysis if quantitative data is 
going to be summarised, or meta-synthesis if qualitative data is going to 
be summarised (Dixon-Woods et al. 2008). These two types of research 
methods will be analysed individually.  
 
2.4.1. Meta-analysis 
Meta-analysis is a specific methodology where the results of various 
independent studies (mainly randomised controlled trials) are statistically 
combined because they have similar characteristics that allow for them to 
be combined (Egger et al. 1997a, Deeks et al. 2011). This is referred to as 
study homogeneity, because only studies that address comparable 
problems, participants and methods, should be combined (Moore 2012). If 
researchers attempted to combine disparate data this would yield 
misleading results and conclusions that in turn would have a negative 
impact on the quality of the body of knowledge. For this reason one 
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essential step for the development of high quality meta-analysis is the 
definition of eligible study criteria and a comprehensive search strategy to 
access these studies (Egger et al. 1997a). 
 
According to Deeks et al. (2011) the reason to conduct a meta-analysis is 
based on four principles. First meta-analysis increases the power of the 
study. The power is the probability that a statistically significant difference 
will be found between the intervention and control group (Deeks et al. 
2011, Moore 2012). Furthermore, by combining studies, which are too 
small to detect any effect, the chances of detecting an effect increase, 
thus increasing the overall power of the study (Deeks et al. 2011).  
Secondly meta-analysis improves precision (Deeks et al. 2011), which 
measures if the results obtained are consistent and true and relate back to 
the population from where the sample was taken (Moore 2012). The third 
principle is related to the fact that meta-analysis can answer questions not 
posed by the individual studies (Deeks et al. 2011). The last principle 
states that meta-analysis can help solving differences arising from 
seemingly conflicting studies, allowing disagreements to be resolved 
(Deeks et al. 2011, Moore 2012). 
 
Meta-analysis is an important research method that can help reach 
essential and meaningful conclusions however it should not be used to 
combine studies that are too clinically varied, as the effect estimates and 
results produced would have no meaning (Deeks et al. 2011). Indeed, 
before starting a meta-analysis the researcher needs to make sure that 
the studies being combined are comparing related problems, with samples 
where the participants have similar characteristics, where studies have 
similar methods amongst them and also have similar outcome measures 
(Deeks et al. 2011, Moore 2012). In some situations, researchers might 
only be able to undertake meta-analysis with only some outcome 
measures and will need to narratively analyse the remaining data.  
 
In meta-analysis the risk of bias in the studies included and other reporting 
bias need to be considered has these can have a negative impact in the 
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significance of the results and evidence (Egger et al. 1997b, Higgins et al. 
2011a). Additionally, when conducting meta-analysis the search strategy 
needs to be well defined because if the studies retrieved vary greatly then 
it might be difficult or even impossible to combine them and undertake 
meta-analysis (Moore 2012). Before conducting a meta-analysis the 
reviewer needs to make sure that there is no heterogeneity between 
studies (Egger et al. 1997a, Higgins et al. 2003, Moore 2012).   
 
According to Egger et al. (1997a) one method of statistically determining 
the similarity between study outcomes, is testing for heterogeneity. If 
heterogeneity is present, it means that the studies are too diverse and 
conducting meta-analysis using them would create results with no 
meaning and no applicability to practice (Moore 2012). A test usually used 
to assess for heterogeneity, and that gives a measure of the level of 
inconsistency in the study’s results is the chi-square test (I2) (Higgins et al. 
2003). The chi-square defines the percentage of total variations across 
studies and assesses whether observed differences in results are 
compatible with chance alone (Higgins et al. 2003). A value of I2 of 0% 
means that there is no heterogeneity, if this value starts to increase 
towards 100% then there is a corresponding increase in heterogeneity, as 
such figures of 50% to 90% represent substantial heterogeneity (Higgins 
et al. 2003).  
 
If studies are identified as being homogeneous then they can be included 
in a meta-analysis, if some of the studies do not allow for meta-analysis 
then the data from these studies needs to be statistically and individually 
analysed and then narratively compared and summarised. 
 
The data in studies can be classified as dichotomous or binary data, 
continuous data and survival or time to event data (Moore 2012). 
Dichotomous or binary data are those that can only take two possible 
values, for example healed or not healed, and can be summarised using 
odds ratio or risk ratio (Moore 2012). Odds ratio is related to the probability 
of an event occurring (healed ulcers) divided by the probability of it not 
76 
 
occurring, if the odds ratio are bigger than 1 then the event is likely to 
occur (Egger et al. 1997a, Moore 2012). Risk ratio is the rate of an event 
of interest (healed ulcers) in the intervention group divided by the rate of 
this same event in the control group, thus it looks at the proportion of 
participants who experience an event in the intervention group compared 
to the proportion in the control group (Gerrish & Lacey 2011). If the risk 
ratio is equal to 1 then there is no difference among the groups (Ried 
2006). 
 
Continuous data for example height or weight, refers to data measured in 
a scale and is summarised by looking at the differences in means (Moore 
2012). This measure of continuous data, called the mean difference or the 
weighted mean difference looks at the absolute difference in the mean 
values between the intervention and the control group, which means that it 
estimates the degree of change by which the intervention being studied 
changes the outcome being measured (Moore 2012). If the mean 
difference is equal to 0 then there is no difference among the groups (Ried 
2006). 
 
Survival or time to event data, looks at the time elapsed before an event is 
experienced, so it is not only looking to see if an event occurs but also 
when it occurs (Moore 2012). This type of data is summarised using 
hazard ratios that represent a reduction in the risk of an event occurring 
for those in the intervention group when compared with the control group 
(Moore 2012). Hazard ratios are calculated by dividing the outcome rate in 
one group by the other and if the hazard ratio is 1 it means that there is 
equal risk among groups, if it is < 1 it indicates decreased risk rate and if it 
is > 1 it indicates increased risk rate (Moore 2012). Analysing this data will 
be essential to enable the researcher to understand how the event being 
studied will affect, and to what extent, each group. 
 
Meta-analysis data is normally presented in a graphical form, by depicting 
its results in a forest plot (Akobeng 2005, Ried 2006, Moore 2012) (see 
figure 2).  
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The information pertaining to the authors and groups being compared can 
be found at the left of the forest plot, while the right hand plots the 
measure effects. The squares in the forest plot represent the different 
studies included in meta-analysis and their sizes give an indication of the 
weight and contribution of that study for the meta-analysis (Ried 2006, 
Callcut & Branson 2009, Moore 2012). The line through the square 
represents the Confidence Interval (CI) and the longer the line the less 
precise the study results are (Ried 2006). The vertical line in the forest plot 
represents the line of no effect (Akobeng 2005, Ried 2006, Callcut & 
Branson 2009, Moore 2012). The value of this line is 1 for dichotomous 
data, represented by odds ratio or risk ratio, and 0 for continuous data, 
represented by mean differences (Ried 2006). If the line of no effect is 
either 1 or 0, then there is no difference between the intervention and 
control group (Ried 2006, Moore 2012). The X axis is where outcomes are 
situated (Callcut & Branson 2009). 
The last element of the graphic is the diamond which represents the 
overall result/effect of the comparison between the two groups (Ried 
2006). The middle of the diamond represents the estimate treatment effect 
(odds ratio, risk ratio or mean difference) and the width of the diamond 
represents the CI (Akobeng 2005, Ried 2006, Callcut & Branson 2009, 
Moore 2012). If the diamond touches the line of no effect then one can say 
Figure 2: Example of Forest Plot. 
Favours RD Favours NRD 
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that there is no significant statistical difference among the groups being 
compared (Akobeng 2005, Ried 2006). 
 
Figure 2 is an example of a forest plot, where the effect or removable 
devices were compared to non-removable devices in the healing rate of 
diabetic foot ulcers. From the forest plot one can see that healing rates 
were higher with non-removable devices (NRD) when compared to 
removable devices (RD). Meta-analysis of these studies detected a 
statistically significant difference between the NRD and the RD in terms of 
healing rates (p < 0.00001). Furthermore, the overall odds ratio was 0.27 
which means that ulcers were three times more likely to heal in the NRD 
group. However, for this meta-analysis the I2 = 39% which shows that 
there is some degree of heterogeneity between the studies and this should 
be borne in mind in interpreting the meta-analysis results. 
 
Meta-analysis can be a complex process, but if the review process is 
followed rigorously and if the search strategy yields studies that can be 
combined the conclusions derived from meta-analysis can improve the 
evidence surrounding a particular topic and also contribute for best 
practice.  
 
2.4.2. Meta-synthesis 
The main focus of systematic reviews, traditionally, has been the summary 
of data from quantitative studies, in particular randomised controlled trials 
by means of meta-analysis (Evans & Pearson 2001). However there is 
growing recognition that synthesising qualitative research is also important 
for evidence based practice (Thomas & Harden 2008). 
 
A systematic review of qualitative data is termed meta-synthesis, and this 
type of qualitative research method has an interpretive focus by combining 
and using findings from other qualitative studies that share a common 
theme (Walsh & Downe 2006, Zimmer 2006, Finfgeld-Connett 2010). The 
process of combining qualitative studies through meta-synthesis is 
achieved by comparison, translation, analysis and synthesis of the primary 
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findings that will allow the researcher to develop new interpretations and 
thus increase the understanding of the phenomenon being synthesised. 
This in turn will facilitate the development of new knowledge and new 
theories, which can better inform practice (Walsh & Downe 2006, Zimmer 
2006, Finfgeld-Connett 2010). Translation here refers to the ability to bring 
together and interpret the concepts from the individual studies so that they 
can relate to each other (Barnett-Page & Thomas 2009). 
An important aspect of meta-synthesis is that fact that although it 
interprets data from original studies, the data presented in those studies is 
not truly primary has Zimmer (2006) highlights. 
In fact, meta-synthesis is interpreting data that primarily was interpreted by 
the participants of the individual qualitative study (first level interpretation), 
which constitutes the data that is then analysed by the researcher of that 
same study (second level interpretation). So the data being interpreted in 
meta-synthesis becomes a third level interpretation of the various findings 
already analysed by the researchers of the individual studies (Zimmer 
2006). This level of analysis is important as the researcher doing the 
meta-synthesis will be able to go over the evidence gathered by examining 
for example, the interviews or quotations, comparing his/her own view with 
that of the researcher of the individual study, always with an inquisitive 
stance throughout the process (Zimmer 2006). By doing this he/she will be 
able to more accurately develop his/her understanding of the phenomenon 
in the individual studies. This will then allow the researcher to gather the 
data from his/her own analysis and develop new knowledge of the 
phenomenon in question (Zimmer 2006).  
 
The main goal of meta-synthesis is to understand a phenomenon; this 
could be, for example, the experience of caregivers in caring for 
individuals with pressure ulcers of stage III/IV. The experience of each 
individual will be different and will be influenced by the environment where 
they are in addition to other social, emotional and economic factors (CRD 
2008). By accessing this data the researcher will be able to identify 
common and contradictory themes, across studies enhancing the 
contribution of this data to a better understanding of the phenomenon 
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(Zimmer 2006). This new knowledge stemming from the meta-synthesis 
will better inform policy makers and healthcare professionals that can 
develop practices that will ameliorate caregivers and individuals health 
outcomes. Through the development of new knowledge it will also be 
possible to develop new theories and generalize qualitative findings which 
may be subsequently used in practice (Zimmer 2006). 
To access this new knowledge through meta-synthesis, different methods 
can be used, these include: meta-ethnography, thematic synthesis, 
grounded formal theory, textual narrative synthesis, meta-study, content 
analysis, qualitative comparative analysis, meta-summary, narrative 
synthesis, meta-narrative, critical interpretive synthesis, ecological 
triangulation, framework synthesis just to mention a few (Zimmer 2006, 
CRD 2008, Barnett-Page & Thomas 2009). The choice of meta-synthesis 
method will be dependent on the research question, the phenomenon 
being analysed and synthesised and the methods used in the individual 
qualitative studies (CRD 2008, Finfgeld-Connett 2010). Here an argument 
arises as there seems to be a disagreement on whether or not to combine 
different qualitative methods in meta-synthesis. On one hand it is argued 
that qualitative studies with different designs should not be combined 
because this this will damage the trustworthiness of the individual studies 
(Mays et al. 2005). Zimmer (2006) adds that this combination through 
meta-synthesis might present with difficulties because of the individual 
meanings of each study, the fact that researchers use a different way and 
language to describe a certain phenomenon and how studies with similar 
or different methodologies can be synthesised due to the different ways 
findings are interpreted and the fact that lived experiences are unique. 
 
On the other hand, combining qualitative studies through meta-synthesis 
is seen to be feasible and advantageous because, although there are 
various interpretations and descriptions of particular phenomena these all 
stem from and relate to the same reality (Jones 2004, Mays et al. 2005). 
Additionally, meta-synthesis will contribute to understand the scope and 
complexity of the phenomenon being synthesised as the integration of 
different studies will bring forward the strengths and weakness of the 
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individual studies that can be analysed and used to improve evidence 
(Jones 2004, Mays et al. 2005).  
The decision of integrating methodologically different studies in meta-
synthesis will be that of the reviewer. However, if, by combining the 
studies, the results or the interpretations are not congruent with the line of 
thought from the individual studies the evidenced produced can be flawed, 
so it is very important that critical appraisal of the individual qualitative 
studies and the meta-synthesis are done, to ensure that the conclusions 
reached are of value and can be used to inform practice. 
 
According to Hannes (2011), it is fundamental to undertake quality 
appraisal of qualitative studies that will be included in Cochrane 
Intervention reviews, however, quality appraisal of included studies should 
be a step in any meta-synthesis in order to assure healthcare professional 
and policy makers that the evidence produced is relevant and without 
flaws.  
In order to quality assess qualitative studies, and consequently the quality 
of meta-synthesis, it is important to consider few aspects (Hannes 2011). 
The first is related to researcher bias, and it refers to the ability of the 
researcher to, throughout the study, avoid influencing the results or 
recognising his/her influence in the research process, and his/her pre-
conceived beliefs regarding the phenomenon being analysed and 
interpreted (Hannes 2011). Researcher bias can ultimately influence the 
participant’s accounts of their lived experience of a certain phenomenon, 
because they might feel that the researcher is looking for particular 
aspects of their experience. Also the researcher might interpret the results 
in a way that supports his/her hypothesis even if this is done 
unconsciously. For these reasons it is necessary that, for example, 
researchers keep a diary where they identify their difficulties and 
document their thoughts during the study so that this can be analysed and 
account for the truthfulness of the findings produced (Hannes 2011).  
Critical appraisal of the quality of qualitative studies and meta-synthesis 
needs to consider if the studies were conducted while respecting all ethical 
principles, that the study is actually relevant for practice, that the 
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methodology was rigorous and that the findings were clearly reported. 
Moreover, it is necessary for quality assessment of included studies, that 
these are assessed in terms of credibility, transferability, dependability and 
confirmability (Hannes 2011). 
 
Credibility assesses if the views of the participants are truthfully 
represented in the data. Transferability assesses if findings can be 
transferred to other settings. Dependability assesses if the research 
process has been thoroughly followed, that it can be “replicated” and that 
the methods chosen are appropriate for the design and the research 
question. Finally, confirmability assesses if the findings can be confirmed 
through the analysis of the data produced (Hannes 2011). These four 
quality appraisal techniques will help researchers evaluate their studies 
and will promote the reporting of relevant evidence for practice. 
Meta-synthesis, like meta-analysis, is an important research method that 
allows evidenced based on the lived experience of individuals to be 
combined so that the phenomenon being researched is better understood. 
This will promote a better understanding on the part of healthcare 
professionals and policy makers of the way individuals perceive and deal 
with health problems, which in turn will allow the former to develop more 
focused, and patient centred initiatives and practices. 
 
2.5. Summary 
Pressure ulcers are a serious healthcare problem that affects the 
individual, healthcare system and society. By gaining an in depth 
understanding of the accuracy of SEM, ultrasound, thermography and 
photography in detecting pressure ulcer development it will be possible to 
develop evidence-based practice which will help address the problem of 
pressure ulcers. Evidence-based practice uses information from research 
to improve and develop clinical strategies that will positively impact on 
patient outcomes and healthcare services.  
 
To try and understand if these methods do identify pressure ulcers and 
from them, which accurately identifies pressure ulcers over the others, a 
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systematic review approach was used by the writer to try and answer the 
review question. Systematic review is a research method with the purpose 
of accessing, gathering and summarising all the available primary 
evidence, through a detailed search of all the relevant published and 
unpublished literature. 
 
Recognising that the purpose of systematic reviews is the development of 
high quality evidence it is essential that bias in the literature and the risk of 
bias in included studies is analysed when undertaking a systematic 
review. Bias in the literature includes publication bias, outcome reporting 
bias, time lag bias, citation bias, language bias, multiple publication bias 
and location bias. Additionally, the risk of bias, especially in randomised 
controlled trials in relation to selection bias, performance bias, detection 
bias, attrition bias, reporting bias, in included studies needs to be 
addressed if conclusions from systematic reviews are to be of significance. 
To try and avoid or reduce the presence of bias and enhance the quality of 
the evidence produced researchers need to use different methods to try 
and tackle this problem. These include the inclusion of unpublished 
literature, the use of trial registers, search strategy, assessment of 
included studies quality and also of the systematic review itself. 
Furthermore, researches can resort to the use of guidelines like the 
CONSORT statement or the AMSTAR tool to help them assess the quality 
and quality of conduct of studies and systematic reviews.  
 
Systematic reviews can be a complex research method, that can include 
the summary of only qualitative data, allowing for meta-synthesis to be 
done or the summary of quantitative data that is done through meta-
analysis. Both of these two approaches of systematically reviewing data 
also need to considered bias in their methods and if properly conducted 
can yield significant evidence for practice. 
 
2.6. Conclusion 
Systematic reviews are an important research method that facilitates the 
summary and analysis of studies pertaining to the same subject. By 
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analysing and eventually combining this data systematic reviews have the 
potential to produce high quality evidence that will inform best-practice, 
however it is essential that researchers are aware of all the potential bias 
that can be found in the literature and the risk of bias that the actual 
systematic review being developed can have. For this reason close 
monitoring of the conduct of the studies and of their reporting is necessary 
if results from systematic reviews are to be of high quality and with 
statistically significant results that will contribute for evidence based 
practice. 
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Chapter 3. Methods of this Systematic Review 
3.1. Introduction 
This chapter will describe the methods by which this systematic review 
was conducted. It will focus on the objectives and outcome measures of 
the review, identifying the target population and interventions being 
researched, as well as the inclusion criteria of the studies in the review. 
Further it will report on the search strategy identifying the databases 
searched including the search terms used. The search strategy will also 
report on any limits applied. Finally this chapter will report on how the data 
were collected from the studies included and how they were analysed. 
 
3.2. Objectives and Outcome Measures of the Review 
3.2.1. Objectives 
The purpose of this systematic review was to understand the accuracy of 
SEM, ultrasound, thermography and photography in predicting pressure 
ulcer presence.  
Besides this main objective, this systematic review was also concerned 
with: 
 Establishing the clinical significance of ultrasound, thermography, 
photography and SEM. 
 Determining the accuracy of ultrasound, thermography, 
photography and SEM in detecting pressure ulcer presence. 
 Determining the relative accuracy of one method of assessment 
namely, SEM, ultrasound, thermography and photography over 
another. 
 Making recommendations for practice pertaining to the assessment 
of early pressure ulcer damage. 
 
3.2.2. Outcome Measures 
The outcome measures of this systematic review were an objective 
analysis of the role of SEM, ultrasound, thermography and photography in 
predicting pressure ulceration and an objective analysis of the clinical 
significance of SEM, ultrasound, thermography and photography as 
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identified through the subsequent development of visual signs of pressure 
ulcer damage. 
 
3.3. Criteria for Inclusion of studies in the Review 
The inclusion criteria for this systematic review were all quantitative 
original research studies including both animal and human studies. No 
limitations in terms of language or dates of publications were applied. 
 
3.4. Search Strategy 
For the purpose of this systematic review a search strategy, undertake 
between March and April 2015, was established, so that the writer could 
access the available primary and secondary research relating to the 
accuracy of SEM, ultrasound, thermography and photography in predicting 
pressure ulcer presence. 
For the search strategy of this review, the following search terms were 
used: 
 Pressure ulcer*4 (s), decubitus ulcer (s), bed sore (s), pressure sore 
(s); bed ulcer (s), pressure area* (s); 
 Thermography, thermology, infrared imaging; 
 Ultrasound, ultrasonic imaging, image (s), sonography; 
ultrasonography; 
 Photograph*, digital image (s)/ imaging; digital imaging (MH), 
photography MH; 
 Sub-epidermal moisture, subepidermal moisture.  
 
In terms of the databases searched for this systematic review, these 
included the following: 
 The Cochrane Wounds Group Specialised Register; 
 The Cochrane Central Register of Controlled Trials (CENTRAL) 
(The Cochrane Library) (latest issue); 
 Ovid MEDLINE (1946 to present); 
 Ovid EMBASE, Elsevier version (1974 to present); 
                                                          
4
 * denotes words variations e.g. ulcer/ulceration 
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 EBSCO CINAHL (1982 to present). 
 
A search, using the term pressure ulcer (s), was also undertaken using the 
following clinical trials registries: 
 ClinicalTrials.gov;  
 WHO International Clinical Trials Registry (ICTR); 
 The EU Clinical Trials Register 
(https://www.clinicaltrialsregister.eu/). 
 
For these clinical trials registries only one term was used in order to yield 
all the registered trials relating to pressure ulcers. Refer to appendix to 5 
for a sample search strategy executed in CINAHL database. 
 
Reference lists of all included studies and other relevant publications, such 
as systematic reviews and guidelines were searched and any relevant 
research articles were retrieved. For studies that were identified as 
relevant for this systematic review and that were not available, authors 
were contacted by email and where no contact details for the authors were 
available, the journal where the study was published was also contacted 
through email. Due to financial restrictions, none of the articles that were 
identified as relevant, that the writer could not access through the contact 
made to authors and journals, were purchased. 
Two authors independently assessed titles and, where available, abstracts 
of the studies identified by the search strategy, for their eligibility for 
inclusion in this systematic review. We obtained full versions of potentially 
relevant studies and two authors independently screened these against 
the inclusion criteria, and there was always consensus between the two 
authors in relation to the studies and the data to be included. 
 
3.5. Data Extraction, Analysis and Synthesis 
For the purpose of this systematic review data from the retrieved research 
articles were extracted using a data extraction table. The data extraction 
table provided by the RCSI was used for the entire studies retrieved 
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(Appendix 6), this table was adapted in order to reflect the data needed to 
be extracted for this systematic review. 
Specifically, the following information was extracted: author, date of study, 
title, source, impact factor of journal, geographical location, research 
question, aim and objectives, study type, study design, outcome 
measures, care setting, inclusion and exclusion criteria, sample size, 
participant characteristics, study procedure/details, device characteristics, 
data analysis, results and conclusions. 
 
For quality appraisal of the included studies the EBL Critical Appraisal 
Checklist (Appendix 7) was used. This quality appraisal tool focus in trying 
to determine the validity, the applicability and appropriateness of a study, 
based on four main steps of the research process (Glynn, 2006): 
 Population; 
 Data Collection; 
 Study Design; 
 Results. 
 
According to this checklist, if the overall validity of the study (Yes/Total) is 
≥75% or ((No+Unclear)/Total) is ≤25% then the study is valid (Glynn, 
2006). 
Besides, calculating the included studies validity by using the EBL Critical 
Appraisal check list, the studies designs were compared to the levels of 
evidence of the evidence based research pyramid, to help understand if 
the included studies designs represent the highest or lowest levels of 
evidence. The evidence pyramid used resulted from the combination of 
three different evidence pyramids (Appendix 8). After presenting the 
results of this comparison, these and its implications for the current 
systematic review were analysed in more detail in the discussion chapter 
of this systematic review. 
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For data synthesis, initially a structured narrative summary of the studies 
reviewed was presented and in relation to data analysis this was also 
done narratively based on the outcome measures. 
 
3.6. Summary 
The purpose of this systematic review was to understand the accuracy of 
SEM, ultrasound, thermography and photography in predicting pressure 
ulcer presence.  
The outcome measures were an objective analysis of the role of SEM, 
ultrasound, thermography and photography in predicting pressure 
ulceration and an objective analysis of the clinical significance of SEM, 
ultrasound, thermography and photography as identified through the 
development of visual signs of pressure ulcer damage. 
The search strategy was conducted using the following: The Cochrane 
Wounds Group Specialised Register; The Cochrane Central Register of 
Controlled Trials (CENTRAL) (The Cochrane Library) (latest issue); Ovid 
MEDLINE (1946 to present); Ovid EMBASE (1974 to present); EBSCO 
CINAHL (1982 to present) A search was also undertaken using the 
following clinical trials registries: ClinicalTrials.gov, WHO International 
Clinical Trials Registry (ICTR); The EU Clinical Trials Register 
(https://www.clinicaltrialsregister.eu/). The reference lists of all included 
studies and other relevant publications, such as systematic reviews and 
guidelines were searched. 
 
All quantitative original research studies and both animal and human 
studies were analysed. Data extraction was done using data extraction 
tables. For quality appraisal of the included studies the EBL Critical 
Appraisal Checklist was used and the studies designs were compared to 
the levels of evidence, of the evidence based research pyramid. For data 
synthesis, initially a structured narrative summary of the studies reviewed 
was presented and for data analysis a narrative based on the outcome 
measures of this systematic review this was done. 
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3.7. Conclusion 
This systematic review main objective is to understand the accuracy of 
SEM, ultrasound, thermography and photography in predicting pressure 
ulcer presence.  
To achieve this, a search strategy was devised and executed and all 
quantitative studies retrieved were data extracted, quality appraised and 
analysed in order to access the results of the studies and comprehend 
how well these relate to current practice in predicting the presence of 
pressure ulcers. 
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Chapter 4. Results 
4.1. Introduction 
Initially, this chapter will give a detailed description of the results obtained 
from the search strategy in terms of number of articles retrieved for each 
of the methods described for this systematic review. This will be followed 
by a general description by method, of the studies obtained in terms of 
study designs, geographical location, study settings, populations, sample 
size and interventions. In relation to the methods explored for the 
prediction of the presence of pressure ulcers, for this review, these will be 
described individually. Finally, this chapter will appraise the quality of the 
studies retrieved by method and summarise the results taking into account 
the outcome measures of interest for this systematic review. 
 
4.2. Search Strategy: Results 
For the purpose of this systematic review a search strategy was conducted 
and its precise details were described in the previous chapter. The results 
of the search strategy will be presented individually for the particular 
methods used for the prediction of the presence of pressure ulcers, which 
are being explored in this systematic review. 
 
4.2.1. Sub-Epidermal Moisture 
From the search strategy (see Figure 2) 570 records were identified in the 
databases (see appendix 9). After removal of duplicates, the titles of the 
remaining articles were read, yielding a total of 7 for further screening. 
Two of these articles were further excluded. The abstracts of these 
records were read and the full-text of 5 records was retrieved. From these 
5 articles, 4 met the inclusion criteria and as such formed the basis for this 
aspect of the review. These records will be narratively summarised and 
analysed in this chapter.   
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Studies included – systematic 
reviews (n=0) 
Records identified through 
database searching  
(n = 570) 
Additional records identified 
through other sources  
(n = 0) 
 
Records after duplicates removed  
(n = 453) 
Records screened  
(n = 453) 
Records 
excluded  
(n=446) 
Full-text articles assessed for 
eligibility  
(n = 7) 
Full-text articles 
excluded, with 
reasons (n=3) 
Studies included in qualitative 
synthesis  
(n = 0) 
Studies included in quantitative 
synthesis (n=4)  
 
 
Figure 3: Sub-epidermal Moisture Search Strategy Flow Diagram. Adapted from Prisma 2009 Flow Diagram 
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4.2.1.1. Included Studies 
From the 7 articles retrieved 4 were included (see Table 3), for data 
extraction, data analysis and quality appraisal. 
 
 
4.2.1.2. Excluded Studies 
From the 7 articles retrieved, 2 articles were further excluded. After 
retrieving the full-text of the 5 studies, 1 of these was further excluded. 
The reasons for excluding these studies are presented in Table 4. 
 
 
 
 
 
Table 3. Sub-epidermal Moisture Included Studies 
Study Title 
Bates-
Jensen et al. 
(2007) 
Subepidermal Moisture predicts erythema and Stage 1 
pressure ulcers in nursing home residents: a pilot study. 
Bates-
Jensen et al. 
(2008) 
Subepidermal Moisture differentiates erythema and 
stage 1 pressure ulcers in nursing home residents. 
Bates-
Jensen et al.  
(2009) 
Subepidermal Moisture is associated with early 
pressure ulcer damage in nursing home residents with 
dark skin tones. 
Guihan et al. 
(2012) 
Assessing the feasibility of subepidermal moisture to 
predict erythema and stage 1 pressure ulcers in 
persons with spinal cord injury: a pilot study. 
94 
 
 
4.2.2. Thermography 
From the search strategy (see Figure 3) 665 records were identified in the 
databases (see appendix 10). After removal of duplicates, the titles of the 
remaining articles were read, yielding a total of 18 for further screening. 
The abstracts of these records were read and the full-text of 11 records 
was retrieved. From these articles 1 met the inclusion criteria and as such 
formed the basis for this aspect of the review. This record will be 
narratively summarised and analysed in this chapter.  
 
4.2.2.1. Included Studies 
From the 11 articles retrieved 1 was included (see Table 5), for data 
extraction, data analysis and quality appraisal. 
 
 
 
Table 4. Sub-Epidermal Moisture Excluded Studies 
Study Reason for Exclusion 
McCreath et 
al. (2006) 
Brief description of a session in 2006 wound 
conference. 
Emhoff (2013) Not enough data on study available. Study not 
published. 
Harrow & 
Mayrovitz 
(2014) 
Participants of study already present with pressure 
ulcers.  
Table 5. Thermography Included Studies 
Study Title 
Judy et al. 
(2011) 
Improving the detection of pressure ulcers using TMI 
ImageMed System. 
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Studies included – systematic 
reviews (n=0) 
Records identified through 
database searching  
(n = 665) 
Additional records identified 
through other sources  
(n = 0) 
 
Records after duplicates removed  
(n = 481) 
Records screened  
(n = 481) 
Records 
excluded  
(n=463) 
Full-text articles assessed for 
eligibility  
(n = 11) 
Full-text 
articles 
excluded, with 
reasons (n=10) 
Studies included in qualitative 
synthesis  
(n = 0) 
Studies included in quantitative 
synthesis (n=1)  
 
 
Figure 4: Thermography Search Strategy Flow Diagram. Adapted from Prisma 2009 Flow Diagram 
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4.2.2.2. Excluded Studies 
From the 18 articles retrieved, 7 articles were excluded. After retrieving the 
full-text of the 11 studies, 10 of these were further excluded. The reasons 
for excluding these studies are presented in Table 6. 
Table 6. Thermography Excluded Studies 
Study Reason for Exclusion 
Verhonick et al. 
(1972) 
Preliminary report, not full original research. 
Barton (1973) Not original research. 
Barton & 
Barton (1973) 
Study focused on the healing rate of pressure ulcers. 
Trandel et al 
(1975) 
Study not focusing on accuracy of pressure ulcer 
prediction. 
Davis & 
Newman (1981) 
Journal contacted but it does not hold a copy of the 
article and were unable to provide any contact details. 
Newman & 
Davis (1981) 
Unable to contact author. 
Tamura et al. 
(1990) 
In this study participants already had existing 
pressure ulcers. 
Hansen et al. 
(1998) 
Study is assessing depth and severity of pressure 
ulcers. 
Iaizzo (2004) The study focuses in the relationship between 
pressure, temperature and time in the formation of 
cutaneous or deep tissue injury. 
Leachtenauer 
et al. (2006) 
Author contacted through email but email was 
rejected, unable to get full article copy. 
Andersen & 
Karlsmark 
(2008) 
Participants included in the study already have 
existing pressure ulcers. 
Farid et al. 
(2012) 
Not predicting pressure ulcer damage, as damage is 
already present. 
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4.2.3. Ultrasound 
From the search strategy (see Figure 4) 1426 records were identified in 
the databases (see appendix 11). After removal of duplicates, the titles of 
the remaining articles were read, yielding a total of 30 for further 
screening. The abstracts of these records were read and the full-text of 11 
records was retrieved. From these articles 5 met the inclusion criteria and 
as such formed the basis for this aspect of the review. These records will 
be narratively summarised and analysed in this chapter. 
 
4.2.3.1. Included Studies 
From the 11 articles retrieved 5 were included (see Table 7), for data 
extraction, data analysis and quality appraisal. 
 
 
 
Table 6. Thermography Excluded Studies (cont.) 
Study Reason for Exclusion 
Garcia & 
Siddiqui (2012) 
Not original research. 
Ahn & Wu 
(2013) 
Study looking at the development of a finite element 
model for assessing the feasibility of Functional 
Infrared Imaging as a method for screening Stage 1 
pressure ulcers in virtual humans. 
Yamamoto et 
al. (2013) 
Not original research. 
Bhargava et al. 
(2014) 
Study has no human or animal subjects and it is 
based on computed and mathematical models. 
Higashino et 
al. (2014) 
Authors only report on the case studies in relation to 
four stage 2 pressure ulcers. 
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Table 7. Ultrasound Included Studies 
Study Title 
Quintavalle et 
al. (2006) 
Use of high-resolution, high-frequency, diagnostic 
ultrasound to investigate the pathogenesis of 
pressure ulcer development. 
Kanno et al. 
(2009) 
Low-echoic lesions underneath the skin in subjects 
with spinal-cord injury. 
Deprez et al. 
(2011) 
On the potential of ultrasound for pressure ulcer early 
detection. 
Helvig & 
Nichols (2012) 
Use of high-frequency ultrasound to detect heel 
pressure injury in elders. 
Porter-
Armstrong et 
al. (2013) 
Do high-frequency ultrasound images support clinical 
skin assessment? 
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Studies included – systematic 
reviews (n=0) 
Records identified through 
database searching  
(n = 1426) 
Additional records identified 
through other sources  
(n = 0) 
 
Records after duplicates removed  
(n = 1036) 
Records screened  
(n = 1036) 
Records 
excluded  
(n=1006) 
Full-text articles assessed for 
eligibility  
(n = 11) 
Full-text 
articles 
excluded, with 
reasons (n=19) 
Studies included in qualitative 
synthesis  
(n = 0) 
Studies included in quantitative 
synthesis (n=5)  
 
 
Figure 5: Ultrasound Search Strategy Flow Diagram. Adapted from Prisma 2009 Flow Diagram 
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4.2.3.2. Excluded Studies 
From the 30 articles retrieved, 19 articles were excluded. After retrieving 
the full-text of the 11 studies, 6 of these were further excluded. The 
reasons for excluding these studies are presented in Table 8. 
 
Table 8. Ultrasound Excluded Studies 
Study Reason for Exclusion 
Firooznia et al. 
(1982) 
Participants of study already have pressure ulcers. 
Firooznia et al. 
(1983) 
Participants of study already have pressure ulcers. 
Partridge (1987) Unable to locate author contact details, journal 
emailed but no response received. 
Author 
Unknown (1995) 
Unable to locate author and article. 
Nixon et al. 
(1999) 
Not looking at ultrasound as a method to predict 
pressure ulcers. 
Wendelken et al 
(2003) 
In this study there are existing chronic wounds 
(including pressure ulcers) however the focus is on 
wounds characteristics and not if the ultrasound 
accurately predicts pressure ulcers. 
Andersen et al. 
(2006) 
It is not clear in the abstract that this is original 
research. 
Gehin et al 
(2006) 
Not original research. 
Lindgren et al. 
(2006) 
Study focused on the study of skin blood perfusion. 
Deprez et al. 
(2007) 
In the study a polyvinyl alcohol cryogel was 
designed to mimic a pressure ulcer at an early 
stage. 
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Table 8. Ultrasound Excluded Studies (cont.) 
Study Reason for Exclusion 
Lyder (2007) Not original research. 
Osman and 
Kernodle 
(2007) 
Unable to access article through journal and authors 
contact details. 
Porter-
Armstrong  
(2007) 
Author contacted through email. Author supplied a copy 
of the article but this article is had already been 
identified and included for data extraction. 
Andersen & 
Karlsmark 
(2008) 
Participants included in the study already have existing 
pressure ulcers. 
Aoi et al. 
(2009) 
Ultrasonography was used to evaluate deep tissue 
damage under pressure ulcers, and analysed its 
potential usefulness in diagnosing deep tissue injury at 
the early stages and predicting the prognosis of 
pressure ulcers. 
Yabunaka et 
al. (2009) 
Participants included in the study already have existing 
pressure ulcers. 
Brace (2010) Analysis of the predictive ability of selected physiological 
factors and known risk factors from the Braden scale for 
the development of deep tissue injury. 
Moghimi et 
al. (2010) 
In this study PUs were induced in guinea pigs and 
healing was monitored. 
Moghimi et 
al. (2011) 
In this study pressure ulcers were induced in guinea 
pigs and healing was monitored. 
Swaine et al. 
(2011) 
The study main objective was to develop protocols to 
detect and report abnormalities in the soft tissues 
overlying the ischial tuberosities. 
Gefen et al. 
(2013) 
Not original research. 
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4.2.4. Photography 
From the search strategy (see Figure 5) 1031 records were identified in 
the databases (see appendix 12). After removal of duplicates, the titles of 
the remaining articles were read, yielding a total of 19 for further 
screening. The abstracts of these records were read and the full-text of 3 
records was retrieved. From these articles none met the inclusion criteria 
and for this reason no articles relating to photography are included in this 
review. 
 
4.2.4.1. Excluded Studies 
From the 19 articles retrieved, 16 articles were excluded. After retrieving 
the full-text of the 3 studies, 3 of these were further excluded. The reasons 
for excluding these studies are presented in Table 9. 
 
 
 
 
 
Table 8. Ultrasound Excluded Studies (cont.) 
Study Reason for Exclusion 
Aliano et al. 
(2014) 
Participants of the study already had pressure ulcers. 
Grap et al. 
(2014) 
The purpose of the study is to describe the best 
procedure for obtaining optimal ultrasound scans. 
Higashino et 
al. (2014) 
Authors only report on the case studies in relation to 
four stage 2 pressure ulcers. 
Lucas et al. 
(2014) 
Not original research. 
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Studies included – systematic 
reviews (n=0) 
Records identified through 
database searching  
(n = 1031) 
Additional records identified 
through other sources  
(n = 0) 
 
Records after duplicates removed  
(n = 664) 
Records screened  
(n = 664) 
Records 
excluded  
(n=645) 
Full-text articles assessed for 
eligibility  
(n = 3) 
Full-text 
articles 
excluded, with 
reasons (n=19) 
Studies included in qualitative 
synthesis  
(n = 0) 
Studies included in quantitative 
synthesis (n=0)  
 
 
Figure 6: Photography Search Strategy Flow Diagram. Adapted from Prisma 2009 Flow Diagram 
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Table 9. Photography Excluded Studies 
Study Reason for Exclusion 
Kutcher &  
Arnell (1992) 
Not original research. 
Russell & 
Reynolds 
(2001) 
Use of pictures to determine consensus in wound 
grading. 
Williams (2001) Not original research. 
Defloor & 
Schoonhoven 
(2004) 
Study looking at interrater reliability in classifying skin 
lesions according to the EPUAP classification. 
Defloor et al. 
(2006) 
Study looking at interrater and intrarater reliability in 
classifying skin lesions according to the EPUAP 
classification. 
Localio et al. 
(2006) 
Evaluating the ability of research nurses to identify 
pressure ulcers, through assembled digital 
photographs of the skin. 
Rajendran et 
al. (2006) 
Author contacted through email but no response was 
obtained. 
Beeckman et 
al. (2007) 
Inter-observer reliability of the EPUAP, where 20 
validated photos were classified by nurses. 
Stausberg et 
al. (2007) 
Reliability and validity of diagnosing and grading 
pressure ulcers based on photographs of various 
wounds. 
Wannous et al. 
(2007) 
Looking at colour classification of wound tissue. 
Lowe et al. 
(2008) 
Unable to locate author contact details and there was 
no website for journal. 
Baumgarten et 
al. (2009) 
Use of photographs to assess presence of pressure 
ulcers stage 2 or higher. 
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4.3. Studies Description 
A description of all the studies will be presented and will be made 
individually for SEM, thermography and ultrasound. 
 
4.3.1. Sub-epidermal Moisture 
4.3.1.1. Study Design 
From the included studies 3 were descriptive cohort studies (Bates-Jensen 
et al. 2007, Bates-Jensen et al. 2008, Bates-Jensen et al. 2009) and 1 
was a prospective single-arm post-test observational study (Guihan et al. 
2012). 
 
Table 9. Photography Excluded Studies (cont.) 
Study Reason for Exclusion 
Dufrene 
(2009) 
Looking at photography as an adjunct in 
documentation. 
Sprigle et al. 
(2009) 
Study objective is to detect erythema and not the 
presence of pressure ulcers. 
Treuillet et al. 
(2009) 
Looking at imaging technologies applied to skin 
wounds assessment, to build 3-D models of skin 
wounds from colour images. 
Firas et al. 
(2010) 
Retrospective analysis of pressure ulcers photographs 
by nurses for staging and location identification 
purposes. 
Moghimi et al. 
(2011) 
In this study pressure ulcers were induced in guinea 
pigs and healing was monitored. 
Alvey et al. 
(2012) 
Evaluation of algorithm to assess and document 
pressure ulcers. 
Davis et al. 
(2013) 
Investigating stereophotogrammetrics for wound size 
monitoring, in patients with severe pressure ulcers. 
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4.3.1.2. Geographical Location 
In terms of the geographical location of the studies, all the studies were 
conducted in the United States of America (Bates-Jensen et al. 2007, 
Bates-Jensen et al. 2008, Bates-Jensen et al 2009, Guihan et al. 2012). 
 
4.3.1.3. Study Settings 
With regard to the study settings where the participants of the studies 
were recruited and where the studies were carried out, 3 studies were 
conducted in nursing homes (Bates-Jensen et al. 2007, Bates-Jensen et 
al. 2008, Bates-Jensen et al. 2009) and the remaining study was 
conducted both in a rehabilitation service of a spinal-cord injury care 
facility and a residential care facility (Guihan et al. 2012). 
 
4.3.1.4. Populations 
All participants were either adult men or women with an age ≥ 18 years 
old, at risk of developing pressure ulcers however, some of the 
participants included in the studies also presented with one or more areas 
with a pressure ulcer raging from stage I to IV. Besides this general 
information about the population in the studies, each study collected 
different population characteristics that are recorded in the detailed data 
extraction tables that can be found in appendix 13. 
 
4.3.1.5. Sample Sizes 
The mean sample size was 41.5 participants, the smallest sample was 31 
participants (Bates-Jensen et al. 2008) and the biggest sample was 66 
participants (Bates-Jensen et al. 2009). 
 
4.3.1.6. Description of studies methods and device characteristics 
4.3.1.6.1. Bates-Jensen et al. (2007) 
The first study was conducted by Bates-Jensen et al. (2007) and it 
proposed to examine the relationship between SEM and direct visual skin 
assessment (VSA) of erythema and stage I pressure ulcers. In this 
descriptive cohort study, from a sample of 35 participants, only 28 
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completed the 52 weeks of the study. From these, 2 participants withdrew 
from the study and 5 participants died. From the sample 82.8% (n=29) 
were female; 80% (n=28) were non-Hispanic white; the mean age was 
84.7 years; the length of stay in the care facility was 29.2 months; 
minimum data set (MDS) assessment for bed mobility was a mean of 2.3 
(score 0-4); MDS assessment for transfer self-performance = total 
dependence was 71%; MDS assessment for recall score was a mean of 
2.1 (score 0-4); Braden pressure ulcers risk score was a mean of 16.3 
(±3.6); MDS pressure ulcer resident assessment protocol initiated at 
baseline 74.2%.  
All participants’ medical records were reviewed monthly; risk for pressure 
ulcer development was assessed monthly using the Braden scale; skin 
health was assessed independently by trained registered nurses weekly.  
 
In relation to SEM, this was measured each week at each of the following 
anatomical locations: right/left trochanter, right/left ischium, right/left 
buttock and sacrum. Three readings were taken at each anatomical site, 
and, as suggested by the authors, these were highly correlated (r =0.90). 
Only data from the third reading was used, and reported, in the analysis 
because of simultaneous skin surface temperature data collection, which 
requires longer placement of probe for accuracy. Observers were blinded 
to the purpose of using the dermal phase meter. 
 
SEM measures were obtained using the NOVA Petite dermal phase meter 
(NOVA Technology Corporation, 75 Congress St., Portsmouth) which is 
used to measure skin hydration. NOVA Petite has a probe which was 
placed in the skin surface of all of the seven anatomical locations, for 5 
seconds. After the reading, the impedance value of the skin is displayed in 
dermal phase units (DPUs). The DPUs is an arbitrary relative value and 
readings range from 0 to 999, with higher readings indicating higher SEM. 
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4.3.1.6.2. Bates-Jensen et al. (2008) 
The second study was conducted by Bates-Jensen et al. (2008) and it 
examined the relationship between SEM and direct visual assessment of 
erythema and stage I pressure ulcers separately within a shorter 
observation period (20 weeks vs. 1 year). In this descriptive cohort study, 
from a sample of 31 participants, only 28 completed the 20 weeks of the 
study. From these, 1 participant was discharged and 5 participants died. 
From the sample 83% (n=26) were female; 72% (n=25) were non-Hispanic 
white; the mean age was 84.14 years; the length of stay in the care facility 
was 38.81 months; minimum data set (MDS) assessment for bed mobility 
was a mean of 2.38 (score 0-4); MDS assessment for transfer self-
performance = total dependence was 31%; MDS assessment for recall 
score was a mean of 2.59 (score 0-4); Braden pressure ulcers risk score 
was a mean of 16.73 (±3.5); MDS pressure ulcer resident assessment 
protocol initiated at baseline 89.7%. 
All consenting participants’ had their medical records data extracted on 
medical and demographical information; risk for pressure ulcer 
development was assessed monthly using the Braden scale; skin health 
was assessed independently by trained registered nurses weekly.  
In relation to SEM, this was measured each week at each of the following 
anatomical locations: right/left trochanter, right/left ischium, right/left 
buttock and sacrum. Two SEM readings were taken at each anatomic site; 
the second reading was used due to other protocol considerations 
(readings were highly correlated, r =0.88). Observers were blinded to the 
purpose of using the dermal phase meter. 
 
SEM measures were obtained using the NOVA Petite dermal phase meter 
(NOVA Technology Corporation, 75 Congress St., Portsmouth) which is 
used to measure skin hydration. NOVA Petite has a probe which was 
placed in the skin surface of all of the seven anatomical locations, for 5 
seconds. After the reading, the impedance value of the skin is displayed in 
DPUs. The DPUs is an arbitrary relative value and readings range from 0 
to 999, with higher readings indicating higher SEM. 
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4.3.1.6.3. Bates-Jensen et al. (2009) 
The third study was conducted by Bates-Jensen et al. (2009) and 
proposed to examine the relationship between SEM and visual 
assessment of early pressure ulcer damage in nursing home residents 
with dark skin tones. In this descriptive cohort study from a sample of 66 
participants, 55 completed the 20 weeks of the study. From these, 2 
participants was discharged, 2 participants withdrew from the study and 6 
participants died. From the sample, 83.33% (n=55) participants had light 
skin tones, 78.78% (n=52) were Caucasian and 4.54% (n=3) were Asian-
American; 81.8% (n=54) were female; the mean age was 83.9 years; the 
length of stay in the care facility was 32.2 months; minimum data set 
(MDS) assessment for bed mobility was a mean of 2.0 (score 0-4); MDS 
assessment for transfer self-performance was 2.4 (score 0-4); MDS 
assessment for recall score was a mean of 2.4 (score 0-4); Braden 
pressure ulcers risk score was a mean of 16.5 (±3.6); MDS pressure ulcer 
resident assessment protocol initiated at baseline 74.2%. From the 
sample, 16.66% (n=11) participants had dark skin tones, 13.63% (n=9) 
were African-American and 3.03% (n=2) were Hispanic; 90.9% (n=60) 
were female; the mean age was 87.3 years; the length of stay in the care 
facility was 21.6 months; minimum data set (MDS) assessment for bed 
mobility was a mean of 1.6 (score 0-4); MDS assessment for transfer self-
performance was 2.4 (score 0-4); MDS assessment for recall score was a 
mean of 2.0 (score 0-4); Braden pressure ulcers risk score was a mean of 
17.5 (±3.5); MDS pressure ulcer resident assessment protocol initiated at 
baseline 90.9%. 
All participants’ medical records were reviewed monthly; risk for pressure 
ulcer development was assessed monthly using the Braden scale; skin 
health was assessed independently through VSA of the sacrum, 
trochanters, ischium and buttocks by trained registered nurses weekly for 
20 weeks. Race/ethnicity was used as a proxy for skin tone although this 
measure is imprecise it enable the authors to evaluate the pilot data of the 
study. 
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SEM was measured weekly at each of the anatomical location using the 
NOVA Petite dermal phase meter. This NOVA Petite dermal phase meter 
(NOVA Technology Corporation, 75 Congress St., Portsmouth) this is 
used to measure skin hydration. NOVA Petite has a probe which was 
placed in the skin surface of all of the seven anatomical locations, for 5 
seconds. After the reading, the impedance value of the skin is displayed in 
DPUs. The DPUs is an arbitrary relative value and readings range from 0 
to 999, with higher readings indicating higher SEM. Observers were 
blinded to the purpose of using the dermal phase meter. 
 
4.3.1.6.4. Guihan et al. (2012) 
The fourth study was conducted by Guihan et al. (2012) and assessed the 
feasibility of obtaining biophysical measures of SEM to predict pressure 
ulcers in persons with spinal-cord injury. In this prospective single-arm 
post-test observational study from a sample of 32 participants, only 28 
completed the 52 weeks of the study. From these, 2 participants withdrew 
and 5 participants died. From the sample the mean age was 65.19 years; 
in terms of race 56.25% (n=18) were white, 34.38% (n=11) were African-
American; 6.25% (n=2) were Hispanic and 3.13% (n=1) were other; 
56.25% (n=18) lived in a house, 9.38% (n=3) in an apartment, 3.13% 
(n=1) in a nursing home and 31.25% (n=10) in a residential care facility. 
In terms of education 18.75% (n=6) were high school graduates, 28.13% 
(n=9) attended some college, 12.50% (n=4) were college graduates, 
9.38% (n=3) attended graduate school, 31.25% (n=10) education status 
was unknown; duration of injury was a mean of 26.59 years; aetiology of 
injury was 37.50% (n=12) motor vehicle, 6.25% (n=2) fall, 3.13% (n=1) 
gunshot, 3.13% (n=1) other acts of violence, 21.88% (n=7) other and 
28.13% (n=9) unknown; level of injury was 68.75% (n=22) cervical, 3.13% 
(n=1) lumbar, 21.88% (n=7) thoracic, 6.25% (n=2) unknown; in terms of 
ASIA 9.38% (n=3) were A, 3.13% (n=1) were B, 6.25% (n=2) were C, 
12.50% (n=4) were D and for 68.75% (n=22) information was not 
available; 28.12% (n=9) of the participants received regular care 
assistance from their spouse, 53.12% (n=17) from a paid attendant, 3.12% 
(n=1) from partner/significant other, 12.5% (n=4) from other relative; 
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90.62% (n=9) participants had a mean of 2.14 prior ulcers; 53.12% (n=17) 
had no current ulcers, 40.62% (n=13) had one current ulcer, 3.12% (n=1) 
had two current ulcers, 3.12% (n=1) had three current ulcers; the stages of 
the current ulcers were 12.50% (n=4) stage II, 3.13% (n=1) stage III, 
28.13% (n=9) stage IV and 3.13% (n=1) unstaged. 
All participants’ medical records were reviewed monthly and pressure 
ulcer assessment was done monthly using the Salzberg risk assessment. 
Participants that developed a pressure ulcer had a wound assessment 
data and photographs were also obtained. Munsell colour tiles were used 
to objectively assess skin tone during the initial skin assessment and VSA 
and SEM of participant’s sacrum, ischium, trochanters, buttocks and 
right/left heels were obtained by research staff daily, in the residential care 
facility, or weekly, in the spinal-cord injury service, for a total of 16 weeks.  
 
SEM was measured at two penetration depths (0.5 and 1.5 mm) using the 
MoistureMeter D, (Delfin Technologies, Ltd, Kuopio, Finland) a dermal 
phase meter (DPM), which measures the dielectric constant in relation to 
stratum corneum thickness, with values that range from 1 to 80 dielectric 
constant with higher DPM readings indicating more water (e.g. oedema 
and inflammation). SEM readings are given immediately after 8 seconds of 
light skin touch and are stable with a coefficient of variation of only 2.8%. 
 
4.3.1.7. SEM Data Analysis 
The data analysis of all the included SEM studies is summarised and 
presented in Table 10. 
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Table 10. SEM Data Analysis 
Study Data Analysis 
Bates-
Jensen 
et al. 
(2007) 
The visual skin assessment data for erythema was combined with Stage 1 PU data. Thus, erythema/ Stage 1 data 
include all visual assessments of moderate or severe discoloration that were blanchable or non-blanchable with 
any level of tissue resilience.Separate repeated measures analyses of variance (ANOVAs) for each anatomic 
location were used to determine whether mean moisture value varied according to VSA, followed by pairwise post 
hoc comparisons. A repeated-measures ANOVA with pairwise post hoc comparisons was also used to determine 
whether SEM measures were responsive to weekly changes in visual skin condition. Change scores for SEM 
measures for each week were calculated, and visual skin condition changes were rated in one of three patterns of 
skin change. The skin change patterns were rated as no change, any level of skin damage to the same level of skin 
damage (e.g., no damage to no damage); deterioration, any level of skin damage to more severe skin damage 
(e.g., no damage to erythema/Stage 1 PU); and improvement, any level of skin damage to less-severe skin 
damage (e.g., erythema/Stage 1 PU to no damage). To determine whether increasing SEM was an indicator of 
subsequent skin damage, first observations were selected in which no Stage 2+PU damage was noted according 
to visual assessment and for which no incontinence was observed. Then, proportional odds models using 
generalized ordered logistic modelling (Stata 9, StataCorp, College Station, TX) were used to determine whether 
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SEM measures predicted occurrence of skin damage 1 week later, controlling for within-subject clustering. Skin 
damage was an ordered outcome of none, erythema/Stage 1 PU, or Stage 2+PU. Covariates were Braden 
Pressure Sore Risk Assessment Scale score (e.g., at-risk scores of 0–18 and no-risk scores of ≥19), SEM readings 
concurrent with visual assessment, and ethnicity. An odds ratio (OR) was calculated for a 100-unit change in DPU 
reading, because 1-unit changes in DPU readings were too small to be of clinical use. The OR for 100-unit change 
in DPU reading was calculated using the following formula: exp (100 x β1 SEM 1 week earlier +0 x β2 concurrent 
SEM+0 x β3 Braden Score risk status +0 x β4 ethnicity). 
Bates-
Jensen 
et al. 
(2008) 
To assess the relationship between visual assessment and SEM, techniques were used that allowed for clustered 
repeated measures, as an observation was defined by week and anatomic location. To determine if mean SEM 
varied by visual assessment, separate repeated measures ANOVAs for each anatomic location was evaluated. To 
determine if SEM was responsive to weekly changes in visual skin condition, separate repeated measures 
ANOVAs for each week of observation with pairwise post hoc comparisons were evaluated. Change scores for 
SEM for each week were calculated and visual skin condition changes were rated in one of three patterns of skin 
changes. The skin change patterns were rated as: no change (e.g., no damage to no damage); deterioration, (e.g., 
erythema to stage I PU); and improvement, (e.g., erythema to no damage). To determine if SEM was an indicator 
of concurrent visual skin damage, data were analyzed using observation time as the unit of analyses with 
generalized ordered logistic modeling, appropriately modeling the repeated observations and time-dependent 
measures. This type of logistic model capitalizes on the ordinal nature of the polychotomous outcome measure 
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(four levels of skin damage: no damage, erythema, stage I PU, and stage II+ PU) and allows for comparisons of 
increasing severity with all categories of less severity, rather than just with the reference group of no disease as in 
traditional logistic regression. Stata version 9 allows for this class of models (a subset of generalized estimating 
equations), including effects for participant and measurement period (included in all models) to account for the 
correlated nature of the data. Anatomic site was controlled by including dummy variables for each anatomic 
location in the model. The following model was used to assess the relationship of SEM to concurrent visual 
assessment where concurrent skin damage was an ordered outcome of none, erythema, stage I PU, or stage II+ 
PU and covariates included Braden Pressure Sore Risk Assessment Scale category. To determine if increasing 
SEM was an indicator of subsequent skin damage, we used the same approach with more stringent criteria for data 
inclusion: only data from the sacral site as other sites had low frequencies for skin outcomes, observations with 
incontinence were excluded to ensure no contamination of SEM measures, and observations with stage II+ PU at 
the outset were excluded as no progression could be assessed. Covariates were SEM values concurrent with 
visual assessment and Braden risk category. Odds ratios (ORs) were calculated for a 100-unit change in DPU 
reading in order to be of clinical use. 
Bates-
Jensen 
et al. 
(2009) 
To determine if increasing SEM was an indicator of subsequent skin damage, observations were first selected in 
which no stage II+ PU damage was noted by visual assessment and for which no incontinence was observed. 
Proportional odds models using generalized ordered logistic modeling (Stata 9) were then calculated to determine if 
SEM measures detected occurrence of skin damage1 week later controlling for within-subject clustering. Skin 
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damage was categorized as none, erythema/stage I PU, or stage II+ PU. Covariates were Braden Pressure Sore 
Risk Assessment Scale score and SEM readings concurrent with visual assessment. Data from sacral and buttocks 
sites was looked at as the ischial sites had low occurrences of erythema/stage I PU and stage II+  PU. We 
calculated an odds ratio (OR) for a 100-unit change in DPU reading because 1-unit changes in DPU readings were 
too small to be of clinical use. The relationship of 3 SEM threshold values (e.g., 50 DPU, 150 DPU, 300 DPU), was 
also assessed, to concurrent and future visual assessment with a separate model for each threshold value, and 
Braden Pressure Sore Risk Assessment Scale category as a covariate. Data from light and dark skin tones was 
analysed in separate models. 
Guihan 
et al. 
(2012) 
Descriptive analyses were conducted calculating means, medians, and minimum and maximum values. SEM 
measures were compared to VSA of skin damage for all anatomic locations and for each anatomic location 
separately. SEM values obtained over scar tissue were evaluated and the stability of SEM values taken daily. 
Participant/caregiver were interviewed on device use. 
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4.3.2. Thermography 
4.3.2.1. Study Design 
The included study was a prospective repeated measures study (Judy et 
al 2011). 
 
4.3.2.2. Geographical Location 
In terms of the geographical location the study was conducted in the 
United States of America (Judy et al. 2011). 
 
4.3.2.3. Study Settings 
With regard to the study setting where the participants of the study were 
recruited and where the study was carried out, this was a general medical 
service at a medical centre (Judy et al. 2011). 
 
4.3.2.4. Populations 
All participants were either adult men or women with an age ≥ 18 years 
old, at risk of developing pressure ulcers. Besides this general information 
about the population in the study, in the study different population 
characteristics was collected and this is recorded in the detailed data 
extraction table that can be found in appendix 14. 
 
4.3.2.5. Sample Sizes 
The sample size was 100 participants (Judy et al. 2011). 
 
4.3.2.6. Description of study methods and device characteristics 
4.3.2.6.1. Judy et al. (2011)  
The study was conducted by Judy et al. (2011) and it proposed to evaluate 
a novel infrared imaging device coupled with an intelligent software 
interface that may provide a more objective means of identifying 
anatomical sites at risk for pressure ulcer development as compared with 
the Braden Scale for predicting pressure ulcer risk. In this prospective 
repeated-measures study, from a sample of 100 participants the mean 
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age was 54.5 years; 52% (n=52) were male and 48% (n=48) were female; 
the mean length of stay in the medical centre was 3.93 days. 
All participants were positioned in lateral decubitus for imaging of the 
sacrum and heel surfaces using the TMI System. Participants rested in 
this position for 3 minutes to compensate for any reactive hyperemia, 
which could lead to false-positive results. Research nurses were instructed 
to use the infrared camera cross hair to determine the center of the bony 
prominence for heels and sacrum. Only 1 reading of the skin temperature 
was obtained each day. A single image for each point of interest was 
taken during each imaging session. Each 64-temperature matrix scans 
representing a 3x3-inch area overlying the bony prominences was 
selected for analyses.  
 
Participants with any temperature reading that had a 1.5°C variance within 
the 3x3-inch target area were assigned to the scan high-risk group, 
whereas those without temperature differences were assigned to the scan 
low risk group. Braden Scale risk assessment was performed by a team of 
research nurses; this was also recorded by unit nurses on admission as 
per the existing unit policy and collected by the study nurses after 
completing their independent assessment. According to their Braden 
Scale scores participants were assigned to two different groups. If scores 
were higher than 16 participants were assigned to the Braden Scale low-
risk group, if scores were of 16 or less participants were assigned to the 
Braden Scale high-risk group. 
 
TMI ImageMed System (Trillennium Medical Imaging, Inc [TMI], Holland, 
Ohio) has 3 proprietary components that include the infrared camera, 
software, and the server/database. The camera is the most important 
component of the system, it takes 2 separate images and captures 76.800 
temperature readings, with a 0.06°C accuracy, and then generates a 
thermal image by assigning coloured pixels to a specific temperature 
range. A visual light, or digital image, is captured by a visual light camera 
that is included in the device. Without the camera, TMI is unable to 
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capture temperature data, image sets and generate the actual thermal 
image. 
 
4.3.2.7. Thermography Data Analysis 
The data analysis of the included thermography studie is summarised and 
presented in Table 11. 
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Table 11. Thermography Data Analysis 
Study Data Analysis 
Judy et al. 
(2011) 
Statistical Methods: Data were analyzed using SAS version 9.1 (SAS Institute Inc, Cary, North Carolina). 
Descriptive statistics were used to describe the participants. The authors also analysed frequencies for 
categorical variables and means and SDs for Braden Scale scores between unit nurses and the research 
nurses. 
Thermographic Data: For each assessment of a participant, an 8x8 matrix of temperature readings was 
produced. These data were brought into SAS. The minimum, maximum, 75th quartile, median, and mean were 
calculated for each sample. The authors defined that a temperature differential of 1.5- C in the matrix of 
greater than the surrounding tissue was indicative of increased risk of a PU. To determine a 1.5- C differential, 
the authors compared 3 different calculations. The first calculation was to make the maximum temperature 
reading minus the minimum temperature reading in the 8x8 matrix and dichotomize it at the 1.5°C cutoff to low 
risk (0) and high risk (1). The second calculation was to subtract the minimum temperature reading from the 
75th quartile and dichotomize to low- and high-risk using the 1.5°C cutoff, and the third method was to take the 
mean temperature minus the minimum temperature and dichotomize as described above. This dichotomous 
coding corresponds to the low risk (>16) and high risk (<16) used in the Braden Scale. 
Analysis of Braden Scale Score: To assess differences in the Braden Scale administered by unit nurses and 
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research nurses, the authors used mixed modeling to model differences between Braden Scale raters over 
time, using the Braden Scale as a continuous variable. The authors also dichotomized the Braden Scale by 
low risk (>16) and high risk (e16) and used generalized estimating equations to look at differences in Braden 
Scale scores between unit and research nurses. 
Analysis of Braden Scale Scores and Thermographic Scores: To examine the differences over time 
among the scores of the Braden Scale as compared with the infrared imaging scores, the authors 
dichotomized both the Braden Scale variable and the infrared imaging temperature change into low- and high-
risk groups as previously described. The authors modeled the data using both generalized estimating 
equations and mixed modeling for non-normal data. Compound symmetry was used as the covariance 
structure for the categorical mixed models. 
Modeling: These data are dependent on several levels. There are multiple measurements on participants 
over time, multiple measurements on participants by body site, and multiple readings on participants (nurse, 
research nurses, and thermographic data). To account for this dependence, it requires models that can 
account for the intra-participant correlation. Two different modeling techniques were used to assess group and 
time differences. General estimating equations use robust SEs and an independent covariance matrix to 
account for dependence (repeated measurements on each person). The second method was using a mixed 
model for non-normal data that can handle repeated measures of a dichotomous outcome in a random and 
fixed-effects context. By using a random intercept, the within-participant correlation can be accounted for to 
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obtain more appropriate parameter estimates. Generalized estimating equations and mixed modeling for non-
normal data provided similar results, leading to identical conclusions. 
Calculating Odds Ratios: The model is ulcer = rater time rater x time, where ulcer is defined as a 0, 1 of low 
or high risk of an ulcer, rater is the type of rater (nurse, research nurses, and image set), and time is time. 
There are several measurements per person (multiple observations and multiple time points). The results are 
a summary of the odds ratio across all time points. The odds (estimation of probability) of infrared imaging are 
6.8 times more likely to come up with a ‘‘high-risk’’ interpretation of getting a PU compared with the unit nurse. 
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4.3.3. Ultrasound 
4.3.3.1. Study Design 
From all the included studies, 1 was an observational prospective 
comparative study (Quintavalle et al. 2006), 1 was a criterion standard and 
survey cases (Kanno et al. 2009), 1 was a prospective, descriptive 
observational study (Helvig & Nichols 2012) and 1 was a cohort study 
(Porter-Armstrong et al. 2013). In 1 study (Deprez et al. 2011) the study 
design is not clearly mentioned, the authors state that they used numerical 
simulations, pressure ulcer mimicking phantom and in vivo experiments. 
 
4.3.3.2. Geographical Location 
In terms of the geographical location of the studies, 2 the studies were 
conducted in the United States of America (Quintavalle et al. 2006, Helvig 
& Nichols 2012), 1 study was conducted in Japan (Kanno et al. 2009), 1 
study was conducted in Canada (Deprez et al. 2011) and 1 study was 
conducted in the United Kingdom (Porter-Armstrong et al. 2013). 
 
4.3.3.3. Study Settings 
With regard to the study settings where the participants of the studies 
were recruited and where the studies were carried out, 3 studies were 
conducted in hospitals (Kanno et al. 2009, Helvig &Nichols 2012, Porter-
Armstrong et al. 2013), 1 study was conducted in a long-term care facility 
(Quintavalle et al. 2006). The study by Deprez et al. (2011) did not 
mention where their study was conducted. 
 
4.3.3.4. Populations 
All participants were either adult men or women with an age ≥ 18 years 
old, at risk of developing pressure ulcers (Kanno et al. 2009, Helvig & 
Nichols 2012, Porter-Armstrong et al. 2013). In one study there is no 
information on patient’s characteristics (Quintavalle et al. 2006) and in 
another study (Deprez et al. 2011) no human subjects were recruited for 
the study. Besides this general information about the population in the 
studies, each study collected different population characteristics that are 
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recorded in the detailed data extraction tables that can be found in 
appendix 15. 
 
4.3.3.5. Sample Sizes 
The mean sample size was 91.5 participants, the smallest sample was 43 
participants (Kanno et al. 2009) and the biggest sample was 134 
participants (Quintavalle et al. 2006). 
 
4.3.3.6. Description of studies methods and device characteristics 
4.3.3.6.1. Quintavalle et al. (2006) 
The first study was conducted by Quintavalle et al. (2006) and it proposed 
to investigate the pathogenesis of pressure ulcers utilizing high-resolution 
ultrasound and to explore the utility of this technology for the detection of 
incipient pressure ulcers prior to visual clinical signs. In this observational 
prospective comparative study, from a sample of 134 participants, 119 
participants in the study group and 15 healthy volunteers in the control 
group (included medical students and medical residents), no information 
was given in relation to participants demographics.  
 
Ultrasound images were obtained from heels (3 sites on each heel), the 
sacrum (2 scans), and the ischial tuberosity (2 scans) of the participants in 
the control group to provide standardization of the system settings. The 
ultrasound gain (amplification), depth, and time/gain compensation were 
standardized for each anatomic site to ensure consistent results. These 
images served as the controls, which were used for comparison with 
images from the study group.  
In the study group, participants had Braden Scale scores of 18 or less, 
which indicated that they were at risk of developing pressure ulcers. In this 
group, images were also obtained from the heels, the sacrum, and the 
ischial tuberosity, the number of scans per patient varied according to the 
nurses’ assessment. Anatomic sites assessed as being at risk were 
scanned and ultrasound images were captured. 
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Protocols specified probe placement, patient position, and ultrasound 
settings. The anatomic site, the date and time of the scan, and any 
outward clinical signs were recorded. Four registered nurses who were 
certified wound specialists were trained to perform the scanning and 
obtain images. 
 
The Longport Digital Scanner (EPISCAN I-200; Glen Mills, PA) is a 
portable 20-MHz frequency system specifically developed to examine the 
skin and underlying soft tissue with 65-micron resolution. It consists of 4 
main elements: an ultrasound probe, a custom-designed proprietary 
ultrasound analogue-to digital converter board, a portable computer, and 
operating software. The system displays the information obtained in the 
form of a B-scan as either a colour or grey-scale image. The procedure for 
scanning and capturing images consists of placing the probe and 
ultrasound gel over the site of interest and capturing an image at 
prescribed settings. The EPISCAN I-200 was specifically chosen for its 
degree of resolution, in concert with its depth of penetration, and a 20-
MHz ultrasound will produce images with high resolution to a depth of 2 
cm. 
 
4.3.3.6.1. Kanno et al. (2009) 
The second study was conducted by Kanno et al. (2009) and it proposed 
to determine the formation pattern of pressure ulcers in patients with 
spinal-cord injury by visual inspection, palpation and high resolution B-
mode ultrasonography. In this criterion standard and survey cases study, 
from a sample of 43 participants in relation to participants age range 
13.95% (n=6) were ≤30years, 23.25% (n=13) were between 31-40 years, 
20.93% (n=9) were between 41-50 years, 32.55% (n=14) were between 
51-60 years and 1 was ˃60; the mean age was 42.6 years; mean body 
height was 169.2cm; mean body weight was 61.1kg; mean BMI was 
21.3kg/m2; in relation to level of neurological injury 16.27% (n=7) of 
participants had complete cervical injury, 9.3% (n=4) had incomplete 
cervical injury, 62.79% (n=27) had complete thoracic injury, 2.32% (n=1) 
had incomplete thoracic injury, 6.97% (n=3) had complete lumbar injury 
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and 2.32% (n=1) had incomplete lumbar injury; there were 72.09% (n=31) 
of participants with previous history of pressure ulcers. 
All participants had their skin assessed while in a prone position by one 
examiner, in the sacral and bilateral ischial regions for the presence of 
redness, purple or maroon localized area, swelling and/or epidermal fresh 
wounds excluding old scar(s) and pigmentation due to old wound(s). A 
second examiner then palpated the same regions to detect local heat or 
free-floating sensation. In these two examinations participants were 
reported was being pressure ulcer positive or pressure ulcer negative. The 
last examination consisted of imaging the sacrum and bilateral ischial 
tuberosities by high-frequency ultrasonography using a linear array, 10-
MHz transducer of an ultrasound scanner LOGIQ 500 (GE, Tokyo, Japan). 
Three different aspects were scanned to detect both low and high-echoic 
lesions on B-mode imaging from the skin to the bone by one ultra-
sonographer. The examined parts were classified as positive or negative 
for pressure ulcer on ultrasonography by another physician blinded to the 
inspection and palpation findings. The longitudinal diameter, lateral 
diameter and depth (from skin to the upper border) of each detected lesion 
were measured. 
 
4.3.3.6.1. Deprez et al. (2011) 
The third study was conducted by Deprez et al. (2011) and it investigated 
the potential of quasi-static ultrasound elastography for pressure ulcer 
early detection. The authors of the study do not clearly state the type of 
study and they used three different approaches a numerical simulation, a 
pressure ulcer mimicking phantom and a preliminary in vivo study. Only 
the data pertaining to the preliminary in vivo study will be described.  
 
The subject of this in vivo experiment was an 18-week-old male rat from 
the Brown Norway breed that weighed 265g. The experimental rat model 
was first anesthetized by inhalation of 2.5% isofluorane, the hair of the 
hind limb was carefully shaved, and the animal was then immobilized. 
Body temperature was monitored with a rectal probe (Thermalert TH-5, 
Physitemp Instruments, Clifton, USA) and maintained at 37 ± 1°C with a 
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heating surface. A first set of radiofrequency ultrasound data was 
acquired, in a view to compute elastograms. A 35 kPa pressure was then 
applied on the thigh of the animal, with a wooden stick, whose end was a 
2-cm-in-diameter disk in contact with the skin of the animal, during 60 
minutes to generate a pressure ulcer. A second set of radiofrequency 
ultrasound data was acquired after the 60 minutes compression. Once the 
experiments were completed, the animal was euthanized by inhalation of 
CO2. 
Ultrasound data were acquired with the same settings of the scanner and 
were processed to compute elastograms before the application of the 
compression and after the 60 min compression. Ultrasound data were 
acquired with a Visual Sonics Vevo 660 device (Visual Sonics Inc., 
Toronto, Canada), equipped with a 35 MHz probe dedicated to small 
animal studies. 
 
4.3.3.6.1. Helvig & Nichols (2012) 
The fourth study was conducted by Helvig & Nichols (2012) and it 
proposed to examine the usefulness of high-frequency ultrasound to 
detect heel pressure injury in geriatric medical patients, to compare the 
prevalence rates of visualised pressure ulcers with the prevalence of 
hidden injury, and to determine whether high-frequency ultrasound could 
assist in predicting the development of heel pressure injury. In this 
prospective descriptive observational study, from a sample of 100 
participants, 1 was dropped from data analysis. From this sample only 99 
participants are part of the research group, the mean age was 79.15 
years; age ranged from 65-97 years; 44.4% (n=44) were male and 55.6% 
(n=55) were female; in terms of race 82.8% (n=82) were white, 14.1% 
(n=14) were African-American and 3% (n=3) were Hispanic; 74.7% (n=74) 
were admitted from home, 4% (n=4) were rehabilitation inpatients and 
21.2% (n=21) were admitted from skilled nursing facility; mean height was 
65.53 inches; weight ranged from 32-177kgs; mean BMI was 27; 87.8% 
(n=87) were not smokers and 12.2% (n=12) were current smokers. 
All participants’ charts were reviewed for medical history, comorbid 
conditions, and pertinent laboratory values. Participants’ legs and feet 
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were examined by a certified wound nurse with the patient sitting in bed or 
in a lounge chair with the feet elevated. 
Ultrasound scans were taken on the lateral, posterior, and medial heels 
that were free of pressure injury. Each ultrasound image was labelled at 
the time it was taken with the participant's research number, date and the 
area on the heel that it represented. This construct for data collection was 
carried out until 100 subjects had a minimum of 2 consecutive ultrasound 
readings. Participants who remained in hospital long enough had a repeat 
assessment carried out up to 2 additional times, on the fifth and seventh 
days after the first assessment. When all the data collection had been 
completed, a nurse with experience in reading heel ultrasounds 
participated in interpretation. The nurse researcher and the ultrasonic 
imaging nurse expert each individually scored all sets of heel scans as 
normal, abnormal, borderline, or uninterpretable, and any discrepancies of 
opinion were discussed until a consensus was reached. 
 
The Longport EPISCAN high-frequency ultrasound scanner was used to 
create ultrasonic images (EPISCAN; Longport, Inc, Glenn Mills, 
Pennsylvania), for improved sound conduction, a water-soluble gel 
between the skin and transducer was applied. 
 
4.3.3.6.1. Porter-Armstrong et al. (2013) 
The fifth study was conducted by Porter-Armstrong et al. (2013) and it 
explored whether ultrasound images supported the clinical skin 
assessment in a cohort of vascular surgery hospital inpatients through 
identification of subcutaneous tissue damage. In this cohort study, from a 
total sample of 90 participants, 60 consented to participate in the study, 2 
later withdrew consent, 8 were excluded due to incomplete data and only 
50 constituted the final sample. From the sample 22% (n=11) of the 
participants were females and 78% (n=39) were male; the mean age was 
65 years; mean weight was 82.57kgs; mean height was 171.75cms and 
the mean BMI was 28.14kg/m2.  
All participants’ baseline characteristics were recorded including a 
summary of medical history and a number of completed standardised 
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assessments including the Braden Scale for pressure ulcer risk, the 
Charlson index for comorbidities, and the Malnutrition Universal Screening 
Tool (MUST) for nutrition. A clinical assessment was conducted by one of 
three tissue viability clinical research nurses using a comprehensive 
clinical research record form. Clinical skin assessment was conducted at 
baseline, postoperatively and at least every other day by the clinical 
research nurse until discharge using a standard skin assessment record 
incorporating the modified EPUAP classification scale of pressure 
ulceration. 
 
The EPISCAN I-200 high frequency ultrasound scanner (Longport Inc, 
USA) was used to capture the images in this study. All ultrasound 
assessments were conducted by two trained researchers. In order to 
minimize any participant discomfort caused by repeated moving and 
handling, images were recorded at the same time as clinical skin 
assessments were being recorded by the clinical research nurses. Heels 
were scanned at the three areas lateral, posterior, and medial aspects as 
well as the bony prominences of the coccyx and right and left sacrum's. 
No other details were given in relation to the ultrasound device used. 
 
4.3.1.7. Ultrasound Data Analysis 
The data analysis of all the included ultrasound studies is summarised and 
presented in Table 12. 
 
129 
 
Table 12. Ultrasound Data Analysis 
Study Data Analysis 
Quintavalle 
et al. 
(2006) 
Interrater reliability for image interpretation was assessed to be 97%. The assessment was done using 3 
individuals’ independent interpretation of the same images. Image interpretation focused on the identification of 
differences between the images obtained from the control group and the study group. 
The scans were reviewed and interpreted by the principal investigator after coding so that they could be 
assessed in blind fashion. 
The images were classified in 5 categories: 
- normal, no evidence of oedema 
- subdermal pockets of oedema 
- subdermal and dermal fluid (oedema) 
- subdermal and dermal oedema, with pooling of fluid immediately under an intact epidermis (i.e., sub epidermal 
oedema) 
- subepidermal oedema in the absence of dermal and subdermal oedema. 
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Kanno et 
al. (2009) 
Data were expressed as mean ± sd. Analysis of variance was used to determine differences between groups. 
The post hoc Scheffe’s test was used. A P=˂0.05 was considered statistically significant. 
Deprez et 
al. (2011) 
Not mentioned 
Helvig & 
Nichols 
2012 
The Statistical Package for Social Sciences for Windows, Version 14.0 (SPSS, Chicago, Illinois), was used for 
data analysis. Statistical significance was detected using an alpha level of .05. Correlational procedures were 
carried out to determine whether there were relationships between scan values and several other variables, 
such as Braden Scale total scores and sub scores. A 1-way repeated measures analysis of variance was 
conducted to explore whether there was a change in scan results in the 44 patients who were visited over the 4 
time points. 
Porter-
Armstrong 
et al. 
(2013) 
Qualitative image assessment as performed by two blinded raters. Images were classified into four distinct 
subgroups based upon categorisation used by Quintavalle et al. (2006). Statistical analysis was performed 
using SPSS version 15. Data were found not to be normally distributed using the Kolmogorov-Smirnov test. An 
α level of P ˂ 0.05 was set a priori for all the analyses. Friedman’s tests were used to determine differences 
over time in the clinical skin assessments; Spearman’s rank order correlations were applied to determine the 
relationship between the clinical skin assessment and the qualitative image analysis; and a weighted Kappa 
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statistic was applied to the qualitative image analysis, results to determine the inter-observer agreement. 
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4.4. Quality Appraisal of Included Studies 
In this systematic review there were no included randomized controlled 
trials, all included studies represent other quantitative study designs. 
These studies had their quality appraised by using the EBL Critical 
Appraisal check list. Furthermore, the study designs of the studies 
included for each method of predicting the presence of pressure ulcers 
was compared with the evidence pyramid which shows the different levels 
of research evidence based on the study design. 
 
4.4.1. Sub-epidermal moisture 
In the study by Bates-Jensen et al. (2007, 2008, 2009) the overall 
validities were 50%, which means that conclusions drawn from these 
studies are not widely generalizable to the general population (see 
appendix 16 to 18). In the Guihan et al. (2012) study the overall validity 
was 55.56%, which means once again, that conclusions are not widely 
generalizable to the general population (see appendix 19). 
 
Considering the study designs for SEM these included descriptive cohort 
studies (Bates-Jensen et al. 2007, Bates-Jensen et al. 2008, Bates-
Jensen et al. 2009) and prospective single-arm post-test observational 
study (Guihan et al. 2012). Mapping them in the evidence pyramid (figure 
7), it is possible to see that these studies are in the middle of the pyramid 
corresponding to a level IV of evidence and thus has some level of quality.  
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4.4.2. Thermography 
In the study by Judy et al. (2011) the overall validity was 55.56%, which 
means that conclusions drawn from this study are not widely generalizable 
to the general population (see appendix 20).  
In relation the study design for thermography this included a prospective 
repeated measures study (Judy et al. 2011). Mapping this in the evidence 
pyramid (figure 8), it is possible to see that the study is at a level V of 
evidence. 
 
 
 
 
 
Figure 7: Evidence pyramid for SEM. 
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4.4.3. Ultrasound 
In the study by Quintavalle et al. (2006) the overall validity was 33.33%, 
which means that conclusions drawn from this study are not widely 
generalizable to the general population (see appendix 21).  
 
In the Kanno et al. (2009) study the overall validity was 50%, which means 
once again, that conclusions are not widely generalizable to the general 
population (see appendix 22).  
 
In relation to Deprez et al. (2011) it was not possible to analyse it using the 
EBL critical appraisal checklist because this study is looking at one 
experiment in an animal subject and thus cannot be generalizable.  
 
The study by Helvig & Nicohls (2012) the overall validity was 55.56%, 
which means that conclusions drawn from this study are not widely 
generalizable to the general population (see appendix 23).  
Figure 8: Evidence pyramid for thermography.  
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In the Porter-Armstrong et al. (2013) study the overall validity was 50%, 
which means once again, that conclusions are not widely generalizable to 
the general population (see appendix 24). 
 
Considering the study designs for ultrasound these included a prospective 
comparative study (Quintavalle et al. 2006), a criterion standard and 
survey cases (Kanno et al. 2009), a prospective, descriptive observational 
study (Helvig & Nichols 2012), a cohort study (Porter-Armstrong et al. 
2013) and an animal research study (Deprez et al. 2011). Mapping them in 
the evidence pyramid (figure 9), it is possible to see that three studies 
(Quintavalle et al. 2006, Helvig & Nichols 2012, Porter-Armstrong et al. 
2013) are at a level IV of evidence, another study is at a level V (Kanno et 
al. 2009) of evidence, these study designs present some level of quality in 
terms of the evidence they produce. The last study (Deprez et al. 2011) is 
at a level VII, which shows a low level of quality from the evidence it 
produces. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9: Evidence pyramid for ultrasound.  
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4.5. Results of Outcomes of interest for this review 
From all the studies included none was a randomised controlled trial, 
explaining the reason why it is not possible to undertake meta-analysis in 
this review. Furthermore, from the studies included only one (Quintavalle 
et al. 2006) compared the development of pressure ulcers comparing 
ultrasound results between two groups however the participants on each 
group are not comparable to each other thus making it impossible to 
undertake statistical analysis. For these reasons the results of the studies 
included in this review are presented narratively for each study analysed 
for the prediction of pressure ulcer presence, taking in to account the 
outcome measures of this review which are an objective analysis of the 
role of SEM, ultrasound, thermography and photography in predicting 
pressure ulceration and an objective analysis of the clinical significance of 
SEM, ultrasound, thermography and photography as identified through the 
subsequent development of visual signs of pressure ulcer damage. 
 
4.5.1. Sub-epidermal Moisture 
In the study by Bates-Jensen et al. (2007) 28 incident stage 2+ pressure 
ulcers developed in 16 subjects over 52 weeks, corresponding to an 
incidence rate of 46%. The authors found significant differences between 
SEM measures and VSA outcomes, with a relationship showing higher 
concurrent SEM measures with greater skin damage. Mean SEM 
measures for all sites combined was 96.7±122.3 for normal skin, 
191.5±187.6 for erythema/stage 1 pressure ulcer and 568.9±319.5 for 
stage 2+ pressure ulcers. From the SEM measures it is possible to see 
that has skin damage increases SEM values also increase. Variations in 
mean SEM values, considering all observations across all sites, where: no 
skin damage ranged from 73.5±83.6 to 143.5±165.8, erythema/stage 1 
pressure ulcer mean values ranged from 145.1±167.8 to 225.1±206 and 
stage 2+ pressure ulcer mean values ranged from 329.9±231.9 to 
753.1±208.7. 
 
In relation to site, if no damage was present, mean SEM values were 
higher for both ischium, followed by sacral area and both buttocks. If 
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erythema/stage 1 pressure ulcer were present mean SEM values were 
higher for both ischium, followed by both trochanters and sacral area. If 
stage 2+ pressure ulcers were present mean SEM values were higher for 
right trochanter, followed by both buttocks and sacral area. 
 
SEM measures changed as visual skin changes were observed from week 
to week with SEM values being lower if no change was observed in the 
skin than those changes were skin was deteriorating or improving. Mean 
change in SEM measures was: for no change 16.14±149.87, deteriorated 
98.32±232.14 and improved -33.47±230.42. 
SEM measurements were also able to predict skin damage one week 
later. SEM measures predicted the development of erythema/stage 1 
pressure ulcer 1 week later, with an odds ratio of 1.26 per 100 DPU. The 
odds ratio of SEM predicting erythema/stage 1 pressure ulcer deteriorating 
to stage 2+ was not statistically significant. 
 
In another study, Bates-Jensen et al. (2008), 15 stage 2+ pressure ulcers 
developed in 8 participants over 20 weeks, corresponding to a 4 month 
incidence rate of 26%. The authors found significant differences between 
SEM measures and VSA outcomes, with a relationship showing higher 
concurrent SEM measures with greater skin damage. Mean SEM 
measures for all sites combined was 104±115 DPU for normal skin, 
185±138 DPU for erythema, 264±208 DPU stage 1 pressure ulcer and 
727±287 DPU for stage 2+ pressure ulcers. Variations in mean SEM 
values, considering all observations across all sites, where: no skin 
damage ranged from 62±73 to 149±142, erythema mean values ranged 
from 117±168 to 213±171, stage 1 pressure ulcer mean values ranged 
from 205±84 to 304±167 and stage 2+ pressure ulcer mean values ranged 
from 549±475 to 791±245. 
 
In relation to site, if no damage was present, mean SEM values were 
higher for both ischium, followed by sacral area and both buttocks. If 
erythema was present mean SEM values were higher for both ischium, 
followed by both trochanters and sacral area. If stage 1 pressure ulcer was 
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present mean SEM values were higher for both ischium, followed by both 
trochanters and sacral area. If stage 2+ pressure ulcers were present 
mean SEM values were higher for left ischium, right buttock and sacrum. 
 
The authors observed that SEM values increase as skin damage 
increases and that there is a small difference between erythema and stage 
1 pressure ulcers SEM values. 
SEM measures changed as visual skin changes were observed from week 
to week with SEM values being lower if no change was observed in the 
skin that those changes were skin was deteriorating or improving. Mean 
change in SEM measures was: for no change 0.4±142.8, deteriorated 
104.8±240.3 and improved -106.8±236.7. 
SEM measurements were also able to predict erythema, stage 1 and 2+ 
pressure ulcers with an odds ratio of 1.99 per 100 DPU. The odds ratio of 
SEM predicting erythema/stage 1 pressure ulcer deteriorating to stage 2+ 
was not statistically significant. SEM also predicted the presence of 
erythema/stage 1 pressure ulcer one week later with an odds ratio of 
1.003 with a 99% confidence interval. 
 
Bates-Jensen et al. in their 2009 study, found that 13 participants with light 
skin tones developed 21 stage 2+ pressure ulcers over 20 weeks, 
corresponding to a incidence rate of 24%. In relation to participants with 
dark skin tones 3 developed 9 stage 2+ pressure ulcers over 20 weeks, 
corresponding to an incidence rate of 27%. Sixteen of these pressure 
ulcers developed over the sacrum. There were no differences between 
participants with dark and light skin tones in terms of development or 
severity of incident pressure ulcers. Moreover, there were no differences in 
SEM values relating to skin damage identified by VSA. 
SEM values were higher for more severe skin damage, and for all pelvic 
sites combined mean SEM was 83.45±100.62 for normal skin, 
150.42±128.21 for erythema/stage 1 pressure ulcer and 564.42±368.53 for 
stage 2+ pressure ulcers. 
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Focusing on differences in relation to skin tones, SEM values were in 
general lower for dark skin tones when compared to light skin tones, for all 
sites and skin damage level. For participants with dark skin tones SEM 
also predicted the presence of erythema/stage 1 pressure ulcer one week 
later with an odds ratio of 1.88 per 100 DPU. SEM values were also 
predictors of stage 2+ pressure ulcers one week later with odds ratio of 
1.02 per 1 DPU. This relationship is stronger for participants with dark skin 
tones when compared to those with light skin tones with odds ratio of 1.01 
per 1 DPU. 
Additionally, the authors tried to determine if the 3 SEM threshold values 
(50 DPU, 150 DPU and 300 DPU) detected skin damage, by using at-risk 
status as a covariate for light and dark skin tones. SEM threshold of 50 
DPU detected erythema/stage 1 pressure ulcer in dark skin tones with an 
odds ratio of 5.3. Also SEM threshold of 50 and 150 DPU where significant 
to detect stage 2+ pressure ulcers one week later in dark skin tones with 
an odds ratio of 8.51. SEM threshold of 300 DPU were significant to detect 
stage 2+ pressure ulcers in light skin tones with an odds ratio of 4.3. 
 
In the study by Guihan et al. (2012) most participants had one or more 
pressure ulcers at admission and 11 participants developed 14 pressure 
ulcers, during the study period, 7 stage I, 3 stage II, 2 stage III and 2 stage 
IV. Additionally 22 participants developed 66 cases of erythema/stage I 
pressure ulcer, during the study period, in the sacrum (n=7), buttocks 
(n=17), ischium (n=15), trochanter (n=6) and heels (n=21). 
SEM values were lower for normal skin 40±10 DPU and higher for 
erythema/stage I pressure ulcers 42±11 DPU for all anatomical sites. SEM 
values for ischial and buttocks differed between normal skin 41.7-42.5 
DPU and erythema/stage I pressure ulcer 44.9-48 DPU. The anatomical 
sites where new ulcers were less likely to develop were buttocks, 
trochanter and ischium, while the two anatomical locations with more 
erythema/stage I pressure ulcers occurrence were the sacrum and heels 
with SEM values increasing as skin damage increased.  
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In this study the authors were also interested in the satisfaction of use of 
the SEM device, and after interviewing one participant and two caregivers, 
who had been previously educated in using the SEM device, participants 
commented that the device was easy to use. 
 
4.5.2. Thermography 
In the study by Judy et al. (2011) of the 100 participants 5 developed 
pressure ulcers, 2 at stage II and 3 at stage I. The infrared imaging system 
used identified, based on three different methods, participants in the 
population as being at high or low risk for the development of pressure 
ulcers. The first method, where the difference between the minimum and 
maximum temperature was calculated, identified 39% of high risk 
observations, whereas the second method, where the 75th percentile 
temperature minus the minimum temperature, identified 28% as being at 
high risk and the third method, which uses the mean temperature minus 
the minimum temperature, identified 22% as being at high risk of 
developing a pressure ulcer.  
Moreover, when completing the Braden Scale risk assessment, there was 
a high group effect with P = 0.0006, however there was neither a time 
effect nor a rater effect by time. The authors conclude that unit nurses 
attributed higher Braden scores to patients when compared to research 
nurses. Although these scores did not differ over time by rater, the 
interrater reliability was poor with a ƙ=0.42. When infrared imaging data 
was compared to rater classification using the Braden scale, the data 
obtained from the infrared imaging was more likely to identify participants 
at high risk of developing pressure ulcers. 
 
Considering that odds ratio values above 1 indicate that an event is likely 
to occur, analysing the odds ratio of the infrared images, using the upper 
quartile the odds ratio was 6.8, for infrared imaging versus unit nurse 
classification, and 2.8, for infrared imaging versus research nurse 
classification, both results show that the infrared imaging is able to detect 
those at high risk of developing pressure ulcers. Using the mean the odds 
ratio were 5.4, for infrared imaging versus unit nurse classification, and 
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2.2, for infrared imaging versus research nurse classification, also 
indicating the infrared ability to detect those at high risk of developing 
pressure ulcers. According to the authors all participants identified by the 
infrared imaging as being at low risk of developing pressure ulcers were 
also identified as being at low risk by both groups of nurses. 
 
4.5.3. Ultrasound 
In the first study by Quintavalle et al. (2006) all the images obtained from 
the control group had homogenous patterns and it was possible to clearly 
identify the epidermis, dermis, subdermal tissue, soft tissue and bone, 
while the images from the study group were not always homogenous and 
some areas of low reflections could be identified. 
 
Considering only the images obtained from the study group, 55.3% 
demonstrated ultrasound patterns consistent with abnormal skin and soft 
tissue, and 44.7% demonstrated ultrasound patterns consistent with 
normal skin and soft tissue. The authors identified two different types of 
ultrasound patterns. Pattern 1, which corresponded to 47.5% of images, 
presented deep areas of weak reflection that seem to progress from deep 
subdermal area to superficial dermal area. Pattern 2, which corresponds 
to 7.8% of images, presented a superficial layer of weak reflection directly 
below intact epidermis. The weak reflective patterns areas correspond to 
an increased fluid content or oedema in the tissues. 
 
The authors of the study induced, in a healthy volunteer, pre-ulcerative 
changes by rubbing a pad over a site for a period of seven minutes and by 
subjecting a second area to prolonged pressure to the skin covering the 
coccyx, by lying on a hard surface for one hour, to further help in the 
understanding of pressure ulcer formation. These areas were scanned 
before and after friction and pressure application. The images after friction 
was applied showed oedema directly below the epidermis with no other 
changes, and the images after pressure application showed pockets of 
deep oedema with no superficial changes. 
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The pattern 1 images were further analysed and results showed that 
16.8% of images, oedema was present between the bone and dermal 
layer (subgroup 1), 32.7% of images showed more oedema in the 
subdermal layer progressing to the dermal layer (subgroup 2) and 50.5% 
of images showed oedema mainly under an intact epidermis (subgroup 3), 
although the deep tissue also showed a weak reflective pattern. 
The results from the ultrasound scans were compared with VSA 
documentation. Of those participants that were identified as having visual 
clinical signs of erythema only 2 of the 509 normal images showed 
erythema. In relation to abnormal scan images, 11.7% (74) of these had 
documented visual clinical signs of erythema. Of these 74 images, 23% 
were included in subgroup 1 and 2, while 77% were included in subgroup 
3, which indicates that there is pressure ulcer formation prior to visible skin 
changes. In relation to pattern 2 images (subepidermal oedema) 60% of 
images that showed superficial changes had erythema documented. 
 
In the study by Kanno et al. (2009) inspection, palpation and ultrasound 
images were used for identifying ulcerative lesions. Of these three 
methods, ultrasound identified a higher number of lesions. Of the 129 
areas, inspection identified 2 lesions, palpation identified 8 lesions and 
ultrasound identified 17. Ultrasound imaging showed for normal images 
areas of homogenous reflective patterns, however, abnormal images 
showed heterogeneous patterns with echoic lesions, and the low-echoic 
lesions identified through ultrasound were significantly deeper than those 
detected by palpation and were adjacent to the bone. Of the 17 low-echoic 
lesions 64.7% contained a high-echoic area.  
 
Deprez et al. (2011), in their multi-method study, used an in vivo 
experiment by applying pressure in the thigh of a rat for 60 minutes. From 
the initial elastogram, tissues appear to be homogenous although the area 
above the bone showed some strain. A second elastogram after 
compression, showed a small deformation, with the strain also developing 
in the deeper tissues. It is also possible to identify superficial tissues with 
higher strain when compared to those near the bone, showing that the 
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tissue over the bone became stiffer which according to the authors could 
indicate a developing pressure ulcer. 
 
The study by Helvig & Nichols (2012) revealed a heel pressure ulcer 
prevalence of 7.3%. Since admission, 2 participants developed pressure 
ulcers giving a hospital acquired prevalence rate of 2%. In relation to 
ultrasound scans, 10.1% of participant’s scans were normal for both heels, 
18% of both of right and left baseline scans were normal. However the 
majority of scans were abnormal with 18% of patients having abnormal 
scans of both heels and 23.2% with abnormal and borderline scans. The 
authors could not answer if high frequency ultrasound predicts the 
development of clinically undetectable pressure ulcers, which went on to 
be detectable pressure ulcers because only a small number of pressure 
ulcers (n=11) developed in the sample population. Additionally, Braden 
Scale scores were proportionally related to abnormal scans. 
 
In the study by Porter-Armstrong et al. (2013) of 50 participants, 32 had 
both heels and sacral coccygeal areas scanned, 17 had only the heels 
scanned and 1 had only the sacral coccygeal area scanned. None of the 
participants who were clinically assessed had tissue changes greater than 
non-blanching erythema. Clinical skin assessment identified 3 participants 
as having non-blanching erythema of coccyx (n=2) and sacrum (n=1) 
however ultrasound scans were identified as normal for all participants. 
Equally, 43 participants had at least one heel scan that identified oedema 
between the bone and dermal layer (subgroup 1), 34 participants had at 
least one heel scan that presented oedema in the subdermal layer 
progressing to the dermal layer (subgroup 2) and 16 participants had at 
least one heel scan that presented oedema mainly under an intact 
epidermis (subgroup 3), although the deep tissue also showed a weak 
reflective pattern. 
 
4.6. Summary 
From the search strategy of the different databases and clinical trials 
registries and after applying the apriori exclusion criteria, 4 full text articles 
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were retrieved and included for SEM, 1 article was included for 
thermography and 5 were included for ultrasound. For photography no 
article was retrieved as no article fulfilled the inclusion criteria.  
 
From all the studies samples sizes varied from 31 to 66 participants for 
SEM, 100 participants for thermography and 43 to 134 for ultrasound. 
Some studies did not report on the study setting, whereas others did and 
the care settings varied between hospitals, long-term care facility, general 
medical service at a medical centre, rehabilitation service of a spinal-cord 
injury care facility and residential care facility nursing homes.  
 
Geographically the locations were the studies were conducted in the 
United States of America, Japan, the United Kingdom and Canada. A 
description of how the studies were conducted, including participant’s 
characteristics and device description was given. In terms of study 
analysis all studies were appraised using the EBL Critical appraisal 
checklist. All the included studies presented validity issues. Additionally all 
study designs of the studies included for each method of predicting the 
presence of pressure ulcers, was compared with the evidence pyramid 
and it was possible to see that the studies varied between a level IV and a 
level VII.  
All studies investigated early pressure ulcer detection. The results of the 
studies included in this review were presented narratively for each method 
analysed for the prediction of pressure ulcer presence. 
From the results obtained it is possible to see that SEM measures, 
thermography and ultrasound identify changes in the skin and tissues that 
are predictors of the early development of pressure ulcers. These 
measures and structural changes of the tissues are a better indicator of 
the development of pressure ulcers when compared to only visual skin 
assessment. 
 
4.7. Conclusion 
From the results obtained SEM, thermography and ultrasound identify 
changes in the skin and subjacent tissues which can help in the early 
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prediction of pressure ulcer presence and thus help implement measures 
that will help prevent more effectively this health problem. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
146 
 
Chapter 5. Discussion 
5.1. Introduction 
This chapter will give a summary of the key findings of this systematic 
review. It will also discuss the methodological issues of the included 
studies in this systematic review. Additionally, this chapter will discuss the 
findings of this systematic review, considering its objectives, and will 
analyse them in terms of what is already know, if the studies bring new 
information for clinical practice or education and if further research is 
needed in the area. Finally this chapter will analyse the strengths and 
limitations of this systematic review and discuss its overall contribution to 
health and social gain. 
 
5.2. Summary of the key findings of the Systematic Review 
The key findings from the systematic review of the included studies are as 
follows: 
 Pressure ulcers are a prevalent and potentially preventable health 
care problem that affects individuals in various care settings and 
with different co-morbidities. 
 In the majority of studies included the Braden Scale was the risk 
assessment tool of choice, combined with visual skin assessment. 
 The sacrum and heels were the anatomical locations were more 
pressure ulcers occurred. 
 Photography was not a method, considering the data in the studies 
retrieved, which allows for the prediction of early pressure ulcer 
presence. 
 SEM was a method that allowed for the early detection of pressure 
ulcer presence. 
 Higher SEM measures corresponded to increased skin damage. 
 SEM measurements were able to predict the development of skin 
damage which became evident visually, one week later. 
 SEM measurements were in general lower for subjects with dark 
skin tones when compared to SEM measures of subjects with light 
skin tones. 
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 Across the studies where SEM was investigated, a total of 87 
pressure ulcers developed in 51 subjects. Pressure ulcers ranged 
from stage I to stage II+. 
 Relatively, thermography data was scarce as only one study was 
retrieved (that met the inclusion criteria) that used thermography to 
predict the presence of pressure ulcers. 
 In the study where thermography was investigated, a total of 5 
pressure ulcers developed in 100 subjects. Pressure ulcers were 
stage II and III. 
 The ability of thermography to predict those at high risk of 
developing pressure ulcers varied between 22% and 39%, 
depending on the analysis method used by the author. 
 Thermography, in the study included, was more likely to detect 
subjects at high risk of developing pressure ulcer when compared 
to the Braden Scale risk assessment tool. 
 Ultrasound imaging was able to detect pockets of fluid/oedema at 
different levels of the skin layers that were comparable to skin 
damage. 
 SEM and ultrasound were the best methods for allowing a more 
accurate prediction of early pressure ulcer presence. 
 
5.3. Methodological issues of included studies 
For healthcare professionals to be able to practice at the highest level of 
effectiveness and efficiency it is necessary that they inform their practice 
not only through educational programmes, but also by accessing up-to-
date valid, reliable and applicable research (Gerrish & Lacey 2010).  
To assess if research is valid, reliable and applicable, healthcare 
professionals need to systematically engage in the process of critically 
appraising the research (Gerrish & Lacey 2010). This process combines 
not only the skills of assessing evidence, research quality and study 
design, but also the ability to incorporate this evidence in to clinical 
practice (Gerrish & Lacey 2010).  
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Validity can be assessed at two levels internally and externally. Internal 
validity means that if a study answers the research question appropriately, 
the study is without bias and thus what is being observed truly represents 
what is being investigated (Gerrish & Lacey 2010, Higgins et al. 2011a). 
External validity is concerned with the generalisation of the study results 
(Gerrish & Lacey 2010). Additionally, it is essential that the study design 
chosen is the most appropriate for what the researchers are investigating 
(Gerrish & Lacey 2010). Reliability is concerned with consistency and 
accuracy of the methods employed in the study, so if these were to be 
repeated they would produce exactly the same results (Gerrish & Lacey 
2010). Applicability on the other hand focus on how strong the 
recommendations derived from the evidence produced will or can be 
applied in clinical practice and how these will also inform future research 
(Gerrish & Lacey 2010). 
 
To assess the methodological issues of the included studies in this 
systematic review the writer used the EBL critical appraisal checklist and 
will now discuss the methodological issues of the studies included taking 
into considerations the four main domains of the checklist, which are 
population, data collection, study designs and results (Glynn 2006). The 
writer will also make reference to study heterogeneity and in the domain of 
study design, finally, the evidence-based research pyramid will also be 
discussed.  
 
5.3.1. Population 
The population is an important aspect of any study and should be relevant 
to the research being done, as from this population a sample will be drawn 
that will be representative. Furthermore, any conclusions drawn from the 
research will be extrapolated back to the population (CDR 2008, Gerrish & 
Lacey 2010). In this domain the population representativeness, inclusion 
and exclusion criteria, sample size, response rate, selection bias, 
randomisation and informed consent are analysed (Glynn 2006). 
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Focusing on the included SEM studies (Bates-Jensen et al. 2007, 2008, 
2009, Guihan et al. 2012) the population across studies showed some 
validity issues (see Appendix 16 to 19), where the validity for this domain 
was 20%. The main areas for concern identified that were not reported by 
the authors, or were unclear, are related to inclusion and exclusion criteria, 
sample size and selection bias.  
 
In relation to the study by Judy et al. (2011) there were also validity issues 
in the population domain with a score of 60% (see Appendix 20), the main 
areas for concern identified that were not reported by the authors, or were 
unclear, are related to sample size and selection bias. 
 
From the included ultrasound studies (Quintavalle et al. 2006, Kanno et al. 
2009, Helvig & Nichols 2012, Porter-Armstrong et al. 2013), the population 
across studies also showed some validity issues (see Appendix 21 to 24), 
where the validity for this domain varied between 0% and 40%. The main 
areas for concern identified that were not reported by the authors, or were 
unclear, are related to inclusion and exclusion criteria, sample size and 
selection bias. In the comparative study of Quintavalle et al. (2006) the 
population domain needed to consider randomisation and group’s 
comparability, but these aspects were not addressed. Another aspect that 
is not explicitly mentioned in the study by Quintavalle et al. (2006) is 
whether or not informed consent was obtained. 
 
Therefore, the main aspects related to the population domain that arose in 
all studies were inclusion and exclusion criteria, sample size, selection 
bias and informed consent. Particular to the study by Quintavalle et al. 
(2006) are randomisation, group’s comparability and informed consent. 
These aspects are all relevant to ensure that the study’s methodology was 
thorough in order to minimise bias that can negatively impact on the 
validity, reliability and applicability of a study. Furthermore, these issues 
are of concern to ensure that the studies included in this systematic review 
allow for strong and appropriate conclusions to be reached (CDR 2008, 
Gerrish & Lacey 2010). 
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These issues will now be further elaborated upon. 
 
5.3.1.1. Inclusion and Exclusion Criteria 
The inclusion and exclusion criteria defines what characteristics the 
population and consequently the sample need to have to be eligible to the 
study and also which characteristics the researchers want to exclude. This 
is an important aspect of any study because the population and sample 
needs to reflect and be relevant to the defined research question (CDR 
2008). Although all the studies were focusing on a sample of patients at 
risk of developing pressure ulcers, it is still important for a well conducted 
study that reference to inclusion and exclusion criteria is made. If we 
consider that one of the studies (Bates-Jensen et al. 2009) looked at SEM 
in subjects with light and dark skin tones and considering that differences 
were found between skin tones, it is relevant that other studies determine 
in their inclusion criteria which type of skin tone they are including. Another 
relevant aspect is that of study replicability, although most studies report 
on subjects characteristics, one cannot clearly identify the specific 
inclusion and exclusion criteria based on those characteristics as these 
needed to be defined a priori (CDR 2008). As mentioned, the studies did 
not do this; therefore specific inclusion and exclusion criteria were missing. 
 
5.3.1.2. Sample Size 
In any study, it is fundamental that a subset of the population being 
studied is chosen to represent that same population and to at the end of 
the study allow for the findings and conclusions obtained, through the 
sample, to be generalizable to the wider population (Watson et al. 2008). 
For quantitative studies, it is normally required to do a power calculation 
that estimates the minimum sample size needed for a study (Gerrish & 
Lacey 2010). From the studies included and analysed most of the samples 
were small, as also suggested by the authors of the studies. Furthermore, 
in cases where the sample appeared to be sufficient it was not explained 
by the authors how the sample size was decided upon, which introduces 
limitations in the possible generalizability of the results. 
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5.3.1.3. Selection Bias 
Selection bias relates to systematic differences between the intervention 
and control group and is related to the allocation of participants to the 
intervention or control group (Higgins et al. 2011a). Although only one 
study (Quintavalle et al. 2006) was comparing the use of ultrasound 
between two groups of subjects, these were not randomly allocated to the 
groups but were purposively chosen. Furthermore, the selection of 
subjects to measure the accuracy of the other methods under 
investigation, in particular SEM, ultrasound and thermography, was 
purposive as only those considered at risk of developing pressure ulcers 
were selected.  
The writer does not consider this to be a negative aspect of the included 
studies because of the specificity of what was being researched and of the 
need to access a particular population for this particular type of study.  
 
The comparative study by Quintavalle et al. (2006), did not report, or 
reporting was insufficient or unclear in relation to randomisation, group 
comparability and informed consent. In relation to randomisation, of which 
the main objective is to avoid selection bias (Gerrish & Lacey 2010), this 
was not done as the subjects in one group volunteered and in the other 
group, were purposively chosen introducing bias selection, potentially 
influencing the results and thus limiting its generalisability to the wider 
population. 
Furthermore, it is possible to conclude that groups were not comparable at 
baseline as one group included healthy volunteers and the other group 
included subjects considered to be at risk of developing pressure ulcers. 
Taking this into consideration, one can argue that the subjects in the group 
at risk, presented with characteristics that put them at higher risk, such as 
mobility restrictions and thus these individuals cannot reasonably be 
compared to healthy subjects. Although, the groups in Quintavalle et al. 
(2006) are not comparable at baseline, the authors clearly identify the 
differences and account for these difference when analysing the data 
obtained. 
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5.3.1.4. Informed Consent 
Another aspect that was unclear in the Quintavalle et al. (2006) study was 
whether informed consent was obtained or not. This is one fundamental 
aspect in any research process as this guarantees that the subjects were 
given adequate information in relation to the study and that confidentiality 
and autonomy of subjects is maintained (Glynn 2006, Watson et al. 2008). 
Thus any research study should clearly state if informed consent was 
necessary to obtain and how this was obtained (Glynn 2006), however this 
did not happen in the case of Quintavalle et al. (2006). 
 
5.3.2. Data Collection 
Data collection is a process through which researchers collect all the 
available and relevant data (CDR 2008). It is important to assess if the 
method and tools used for data collection are flawless and that they are 
described in detail to allow for the study to be replicated (Glynn 2006, 
Watson et al. 2008).  
 
Considering the included SEM studies (Bates-Jensen et al. 2007, 2008, 
2009, Guihan et al. 2012), the thermography study by Judy et al. (2011) 
and the ultrasound studies (Quintavalle et al. 2006, Kanno et al. 2009, 
Helvig and Nichols 2012, Porter-Armstrong et al. 2013), the data collection 
domain across studies showed some validity issues (see Appendix 16 to 
24). The validity for this domain was 66.66% for the SEM and the 
thermography studies and 33.33% for the ultrasound studies. Most of the 
areas in this domain were not applicable for the studies and one area was 
unclear. However, from the assessment of pertinent aspects, it was 
unclear in the studies if the measure of the outcomes was done at an 
appropriate time to capture data pertaining to the variable under 
exploration. According to Glynn (2006), the time at which data is collected 
is fundamental to research because if collected at an inappropriate time 
this can introduce bias in the results and lead to inaccurate conclusions. 
For example, if a subject has a SEM measurement at a time where the 
skin area already shows signs of a stage I pressure ulcer then the authors 
cannot conclude that SEM predicted the pressure ulcer stage I. Thus, the 
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SEM measurement in this example should have been done at a time 
where there was no visible skin damage first. Taking this into 
consideration it is important that the authors of the studies clearly state 
that outcomes where measured at and appropriate time to assess the 
occurrence of the event and to assess the potential accuracy of the 
methods being investigated. 
 
It was not clear if those collecting the data were also involved in service 
delivery (Kanno et al. 2009, Helvig & Nichols 2012, Porter-Armstrong et al. 
2013), however, in the study by Quintavalle et al. (2006) it is clearly stated 
that independent individuals assessed the scans. It is important to report if 
research staff are involved in the care of subjects and know the variables 
which are being explored in each patient, as this can lead them influencing 
the results and introducing bias to the study putting in thereby challenging 
the reliability of the results (Glynn 2006). 
 
5.3.3. Study Designs and Evidence-Based Research Pyramid 
The design of the studies included in a systematic review will impact on 
the reliability of the results of those studies and also on the validity of the 
effects relating to the study design (CRD 2008). Further, it is important to 
recognise that some study designs are more robust than others (CRD 
2008). For this systematic review, ten quantitative studies were included. 
 
5.3.3.1. Outcome Description 
In relation to the included SEM studies (Bates-Jensen et al. 2007, 2008, 
2009, Guihan et al. 2012), the thermography study by Judy et al. (2011) 
and the majority of the ultrasound studies (Kanno et al. 2009, Helvig & 
Nichols 2012, Porter-Armstrong et al. 2013), the study design domain, 
across studies showed good validity (see Appendix 16 to 23). Indeed, the 
validity assessment for this domain was 80%. The comparative study by 
Quintavalle et al. (2006), achieved a score of 60% (see Appendix 24). The 
only area common to all these studies that was not reported was related to 
a clear outcome measures report, although all studies make reference to 
the study objectives. According to Glynn (2006) if outcomes are not clearly 
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stated a priori, it can be difficult to determine if the relevant data collection 
methods were used or even if the study researched what it proposed to 
research. However from the study analysis the writer firmly considers that 
the studies researched what was proposed and used the appropriate data 
collection method for the studies.  
 
5.3.3.2. Ethical Approval 
It is not clearly stated in the study if ethical approval was obtained for the 
study (Quintavalle et al. 2006). Ethical approval is a fundamental aspect of 
the research process, and without which the research should not be 
conducted, and if conducted its results are void as there is no possibility to 
assure if subjects confidentiality, autonomy, justice and non-maleficence 
were guaranteed (Watson et al. 2008). Moreover, it is not possible to 
ensure that what was studied and that the methods employed were fair, 
limiting to a great extent the validity, reliability and applicability of the 
results obtained (Gerrish & Lacey 2010). 
 
5.3.3.3. Study Design 
The design of the studies included 3 descriptive cohort studies (Bates-
Jensen et al. 2007, Bates-Jensen et al. 2008, Bates-Jensen et al. 2009), 1 
prospective single-arm post-test observational study (Guihan et al. 2012), 
1 prospective repeated measures study (Judy et al. 2011), 1 observational 
prospective comparative study (Quintavalle et al. 2006), 1 criterion 
standard and survey cases (Kanno et al. 2009), 1 prospective, descriptive 
observational study (Helvig & Nichols 2012), 1 cohort study (Porter-
Armstrong et al. 2013). In the Deprez et al. study (2011) the design is not 
clearly mentioned, the authors state that they used numerical simulations, 
pressure ulcer mimicking phantom and in vivo experiments, being the in 
vivo experiment the part of interest for this systematic review. Therefore, 
all studies were observational prospective, except for the Deprez et al. 
(2011) which used and in vivo experiment which results cannot be 
generalised, but are of value as they show the relevance of ultrasound 
elastrogram in detection tissue change due to pressure.  
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Observational prospective study designs brings together data as it is 
produced making it a more reliable method (Watson et al. 2008). However, 
the data obtained cannot be generalised to the general population as 
participants are not randomly selected, introducing a greater risk of 
selection bias (CRD 2008) and thus compromising studies results 
reliability.  
 
5.3.3.4. Evidence based practice 
Evidence based practice involves three domains, clinical expertise, 
patients preferences and research evidence (Gerrish & Lacey 2010). For 
systematic reviews the aspect of these three domains which is focused on 
is the research evidence, as this will help to inform practice and in this 
case, to identify the most accurate method for the early detection of 
pressure ulcer presence. As shown previously one of most important 
aspects of the research process is the choice of study design as this need 
to reflect and be appropriate for the research question under investigation 
(CDR 2008, Gerrish & Lacey 2010), thus it is necessary to decide what 
constitutes best evidence (Gerrish & Lacey 2010).  
 
Hierarchies of evidence, based on study designs, have been developed to 
assist in assessing and deciding which types of studies constitute best 
evidence. Muir Gray (1997) identifies five study designs and ranks them in 
terms of their strength of evidence (Gerrish & Lacey 2010). The highest 
level of evidence is provided by systematic reviews with meta-analysis of 
randomised controlled trials, followed by randomised controlled trials, non-
randomised trials, non-experimental studies and lastly descriptive studies, 
or opinions from expert committees (Gerrish & Lacey 2010). Other authors 
Gwerk et al. (2006), LoBiondo-Wood & Haber (2014) and the Medical 
Research Library of Brooklyn (2015), have also developed hierarchies of 
evidence and have presented them in the form of evidence pyramids (see 
Appendix 8). Owing to the fact that these hierarchies are very similar the 
writer created and adapted an evidence pyramid based on a synthesis of 
the previous mentioned hierarchies, as it can be seen in figure 10. 
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All of the studies included in this review are situated at level IV, V and VII, 
showing that the level of evidence produced by these studies is not very 
high, mainly because these study designs are more prone to bias issues 
(Gerrish & Lacey) when compared to well-conducted studies at the higher 
levels of the pyramid. 
 
5.3.4. Results 
After conducting original research and gathering all the data it is 
necessary to analyse this data, from which conclusions will be drawn and 
generalisability might be possible. It is also important to report the results 
obtained, in a way that minimises bias so that the true relevance of the 
study is reached and is placed in the context of the existing body of 
knowledge surrounding a topic (CDR 2008, Gerrish & Lacey 2010). 
 
In relation to the included SEM studies (Bates-Jensen et al. 2007, 2008, 
2009, Guihan et al. 2012) the results domain, across studies showed 
some validity issues with a score of 40% (see Appendix 16 to 19). 
Furthermore in the study by Judy et al. (2011) there were also some 
Figure 10: Evidence Pyramid. 
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validity issues in the results domain, with a score of 40% (see Appendix 
20). In relation to the included ultrasound studies (Quintavalle et al. 2006, 
Kanno et al. 2009, Helvig & Nichols 2012, Porter-Armstrong et al. 2013), 
there were validity issues (see in Appendix 22 to 24) however the validity 
for this domain higher was 60% for the ultrasound studies. 
 
The validity areas of concern common to all studies were related to 
external validity and confounding variables. External validity, or 
generalisability, is related to the possibility of the results of a study being 
generalised to other populations (Gerrish & Lacey 2010). Considering that 
most of the studies did not report inclusion and exclusion criteria and 
furthermore, there was no sample size calculation reported, the writer 
considers that the results obtained although of value, show validity issues 
and thus should not be automatically generalizable to other populations or 
contexts. 
 
Another issue that arose from the included SEM studies was related to 
confounding factors. Confounding occurs when the researcher cannot be 
sure if an effect was due to the variable being studied or arose due to 
another pre-existing variable (Gerrish & Lacey 2010). If one considers that 
SEM is a measure of water tissue content and if one wants to be assured 
that increased water content is actually due to the damage that 
pressure/shear causes in the tissues, and not due to other factors 
presented by the subjects. For example, Björklund et al. (2013) have 
suggested that skin membrane electrical impedance properties change 
depending on the skin water gradient. This is influenced by changes in 
skin hydration by occlusion which can be achieved using certain creams or 
lotions. Skin moisture is also influenced by the cellular structure of the 
stratum corneum and lipid content of the skin and as such alterations in 
these will adversely affect moisture content (Popkin et al. 2010). If there 
are alternate influencing factors other than pressure and shear, then 
researchers assessing skin moisture would need to explicitly account for 
these types of confounders. 
 
158 
 
5.3.5. Heterogeneity of Studies  
Meta-analysis allows for the statistical combination of studies however 
heterogeneity might hinder the appropriateness of undertaking this 
combination (Higgins & Green 2011). Heterogeneity is related to the 
variability among studies that are chosen to be included in a systematic 
review (Higgins & Green 2011). This variability can be statistical and thus 
related to differences in the effect estimates and methodologies and thus 
relates to the study design. Variability may also be a clinical issue and 
thus relates to differences among participants, interventions and outcomes 
(CDR 2008, Higgins & Green 2011). Statistical heterogeneity was to be 
assessed using the I2 statistic (Higgins et al. 2003). This examines the 
percentage of total variation across studies due to heterogeneity rather 
than to chance. Values of I2 over 75% indicate a substantial level of 
heterogeneity (Higgins et al. 2003). If substantial heterogeneity is present 
then the systematic review may have to rely on presenting a narrative 
summary and discussion of the individual results of the studies included 
rather than undertaking a meta-analysis. 
 
From the studies included in this systematic review, heterogeneity was 
present mainly arising due to issues surrounding the study populations 
and the interventions under investigation. In relation to the population 
although demographically similar, participants presented with differences 
that did not allow for their comparability. These were mainly related to skin 
tone and mobility levels. In relation to the methods under research these 
were not comparable as they employed and measured different skin and 
tissue characteristics. Taking into account that the studies are not 
homogenous combining them would bring meaningless results and thus 
rendering any conclusions and recommendations unfit for evidence based 
practice. 
 
5.4. Discussion on Findings of the Systematic Review 
The outcome measures of this systematic review were an objective 
analysis of the role of SEM, ultrasound, thermography and photography in 
predicting pressure ulceration and an objective analysis of the clinical 
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significance of SEM, ultrasound, thermography and photography as 
identified through the subsequent development of visual signs of pressure 
ulcer damage. 
 
From the results obtained in this systematic review important conclusions 
can be drawn in relation to the possible role that SEM, thermography, 
ultrasound and photography have in the early detection of pressure ulcer 
damage. Pressure ulcers are largely a preventable health problem that 
has a negative impact in the individual, the health care system and society 
as a whole (Moore et al. 2013). Therefore, it is essential that those at risk 
are assessed and monitored using the most relevant tools and methods 
that allow for an early detection and for the implementation of the relevant 
measures that will prevent further tissue damage (Moore et al. 2013b). 
 
5.4.1. Photography 
Focusing on the different methods analysed in this review photography is 
the least accurate in the early detection of pressure ulcer development. 
From the retrieved studies and from those that were original research 
(Russell & Reynolds 2001, Defloor & Schoonhoven 2004, Defloor et al. 
2006, Localio et al. 2006, Beeckman et al. 2007, Stausberg et al. 2007, 
Wannous et al. 2007, Baumgarten et al. 2009, Dufrene 2009, Sprigle et al. 
2009, Treuillet et al. 2009, Firas et al. 2010, Moghimi et al. 2011, Alvey et 
al. 2012, Davis et al. 2013), most focused on the ability of health care 
professionals to use the device. Others explored the inter and intra-rater 
reliability in classifying and staging pressure ulcers by looking at pressure 
ulcer pictures (Russell and Reynolds 2001, Defloor & Schoonhoven 2004, 
Defloor et al. 2006, Localio et al. 2006, Beeckman et al. 2007, Stausberg 
et al. 2007, Baumgarten et al. 2009, Firas et al. 2010). The remaining 
studies focused on the role of photographs in aiding documentation 
(Dufrene 2009), on the use of photographs to monitor pressure ulcer 
healing (Moghimi et al. 2011), in the colour classification or wound tissue 
(Wannous et al. 2007), in the detection of erythema (Sprigle et al. 2009), 
on the evaluation of an algorithm to assess and document pressure ulcers 
(Alvey et al. 2012), on the use of stereophotogrammetrics for wound size 
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monitoring (Davis et al. 2013) and on the use of imaging technologies to 
build 3-D models of skin wounds Treuillet et al. (2009).  
 
It is clear, therefore, that photographs are mainly used to help in 
monitoring the progress of pressure ulcers and on assessing how 
accurately healthcare professionals correctly classify and stage pressure 
ulcers by looking at photographs. Although photographs of skin do not 
allow for the early detection of pressure ulcers, because the damage is 
already visible and present, all the aspects researched in the above 
mentioned studies are important for clinical practice. This is because it is 
important that different healthcare professionals are able to effectively 
classify the same photograph as being a pressure ulcer stage 1, in order 
to achieve congruency in practice and consistency when determining 
preventive measures (Defloor & Schoonhoven 2004). Furthermore, it is 
important that a photographic record is kept, to facilitate the evaluation of 
pressure ulcer progression (Dufrene 2009). In addition use of photographs 
allow for revisiting of the preventive and treatment measures in place in 
order to achieve healing or prevent aggravation of the pressure ulcer.  
However, it is important to note that photographs do not predict pressure 
presence ulcer or development because the damage has already begun 
when the pressure ulcer becomes visible in the skin (Kottner et al. 2009). 
 
5.4.2. Thermography 
In relation to thermography the conclusions that can be made about this 
method are scarce as only one study was identified (Judy et al. 2011) that 
analysed the role of thermography in the detection of pressure ulcer 
presence. In this study, a hand held infrared imaging system was used to 
improve the detection of pressure ulcers. This method creates a 
thermographic digital image of the area were the infrared camera is 
placed, and this image shows different colours that are equivalent to skin 
temperature variations (Verhonick et al. 1972, Judy et al. 2011). Judy et al 
(2011) analysed the data obtained with the infrared device using three 
different methods and all of these methods identified a percentage of 
images that varied between 22% and 39%, and showed that subjects were 
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at high risk of developing pressures ulcers. Additionally, and considering 
that an odds ratio above 1 indicates that an event is more likely to occur, 
the authors compared the likelihood of infrared imaging identifying a 
subject at risk when compared to unit nurse and research nurse identifying 
a subject at risk by using the Braden Scale. The odds ratio for the first 
comparison was 6.8 and for the second 2.8, which shows that infrared 
identified more subjects to be at high risk of developing pressure ulcers. 
 
There are different theories on how tissue damage might lead to the 
development of pressure ulcers, these included ischaemia caused by 
capillary inclusion, which might create oedema and cellular infiltration. 
Furthermore, reperfusion injury is also considered important as this causes 
the production of oxygen derived free radicals leading to an inflammatory 
response that leads to cell damage. Impaired lymphatic function is also of 
importance and finally cell deformation is considered a prime importance 
in the development of tissue damage (Kottner et al. 2009). It is postulated 
that the ability of thermography to detect temperature changes in the 
tissues and skin is related to the inflammatory processes caused by these 
tissue damage pathways. 
 
In a study by Farid et al. (2012), that was identified in the search strategy 
of this systematic review, but was then excluded because it was not 
predicting pressure ulcer damage, as damage was already present, the 
authors mention that tissue and skin temperature might increase after 
vessel occlusion when blood flow returns to the tissue that was being 
subject to pressure. Conversely, skin temperature might decrease when 
there is an impaired blood supply to the tissues due to pressure, because 
of retarded cellular metabolism. In their thermographic study, Farid et al. 
(2012) looked at the development of skin necrosis by comparing the 
centre temperature of pressure related intact discoloured areas of skin 
(PRIDAS) with adjacent skin temperature. The researchers found that 
warm PRIDAS centre readings were +1.20°C warmer than adjacent skin 
and cool PRIDAS were -1.20°C cooler than adjacent skin. Indeed, in 
52.7% of cold PRIDAS readings, the individuals went on to develop skin 
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necrosis and similarly 3.3% of warm PRIDAS readings individuals went on 
to develop skin necrosis. Furthermore, in most of the cool PRIDAS 
readings the individuals also showed other signs of deep tissue injury, for 
example discolouration and demarcation, 7 to 14 days after initial 
temperature assessment. It is interesting to see that the researchers 
identified only one warm PRIDAS with signs of deep tissue injury, 
compared those with cool PRIDAS readings. This suggests that impaired 
blood flow, which is also related to tissue ischaemia, has a more 
detrimental effect on the progression of tissue damage. This is possibly 
related to the oxygen deprivation that the cells and subsequently the 
tissues are exposed to when pressure impairs or totally occludes blood 
flow. 
 
Another aspect that was researched by Farid et al. (2012) was the 
influence of capillary refill (reperfusion) on the progression of PRIDAS to 
skin necrosis. The researchers identified that 21.8% of PRIDAS where 
capillary refill occurred, progressed to skin necrosis, when compared to 
60% of PRIDAS where there was no capillary refill, progressed to skin 
necrosis. This shows that ischaemia, due to pressure/shear, has a greater 
negative impact on damage outcomes when compared to reperfusion 
(capillary refill). 
 
From the data provided by this study (Farid et al. 2012) and linking this 
with the theories for pressure ulcer development, it is interesting to see 
that ischaemia might have a higher detrimental effect on tissue damage 
when compared to reperfusion injury.  
Both studies (Judy et al. 2011, Farid et al. 2012) show that thermography 
can identify temperature changes in tissues and skin that may give an 
indication of early pressure ulcer development, however the two studies 
are not sufficiently robust to make strong recommendations on the use of 
thermography as the most accurate method for the prediction of pressure 
ulcer presence. More studies are needed that assess skin temperature of 
areas not exposed to pressure and of areas exposed to pressure to try 
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and better understand the role of thermography in pressure ulcer 
detection. 
 
5.4.3. SEM 
All of the causes of tissues damage result from pressure/shear that leads 
to tissue stress and deformation, and with time an ulcer develops. 
Irrespective of the position that a person adopts, being it seated, lying 
down or standing, there will be reactive forces action on the body 
depending on the position adopted and these forces are trying to 
counteract the gravitational force that all humans and objects are 
subjected to (Berlowitz & Brienza 2007). These gravitational forces 
concentrate at posture-dependent weight bearing bony prominences, such 
as the sacrum and heels, and exert a top-down pressure, that is 
counteracted by the body which exerts a bottom-up pressure at the 
mentioned weight bearing body areas (Berlowitz & Brienza 2007, Kottner 
et al. 2009). Thus all this forces will act directly on the soft tissues, muscle, 
fat, connective tissue and skin and these tissues are at the highest risk for 
pressure ulcer development, because they are being compressed and 
deformed by the gravitational force exerted by the bony prominences 
downwards and the force being exerted by the surface where the subject 
is seated/lying or standing on (Berlowitz & Brienza 2007, Kottner et al. 
2009). Pressure, which has a perpendicular effect on tissues, and shear, 
which has a diagonal effect, will promote tissue breakdown and this 
always starts at the muscle and subcutaneous level, as the stress 
resulting from pressure primarily acts at the deep tissue level (Berlowitz & 
Brienza 2007, Kottner et al. 2009). 
If damage occurs at the deepest levels of the tissues and skin and not at 
its surface, it is important to understand how pressure damage might 
influence skin structure and how SEM and ultrasound can detect changes 
that might indicate the presence of pressure damage. 
 
Skin tissue water varies according to anatomical site and tissue depth this 
is an important biophysical measure, as a certain level of hydration is 
necessary for the skin to maintain its barrier function. The stratum 
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corneum hydration can be used to assess skin water using capacitance, 
dermal water can be assessed using tissue dielectric constant and the 
transepidermal water loss (Alanen et al. 2004, Mayrovitz et al. 2013). In 
the study by Mayrovitz et al. (2013) the authors attempted to determine 
the site and depth variations of these measures. In this study water 
content was measured by using an electromagnetic wave that is reflected 
according to the dielectric constant of the tissue. This dielectric constant 
will depend on the amount of free and bound water in the tissue volume 
through which the wave passes, and is a measure of the amount of skin 
and tissue water content (stratum corneum, dermis and epidermis) 
(Mayrovitz et al. 2013). From the measures obtained, tissue dielectric 
constant decreased with tissue depth; however, none of the measures 
was undertaken at the sacrum, heel or ischium. Because these are 
common sites for pressure ulcer development, it would be relevant to 
determine the water content of these anatomical locations.  
 
SEM is an indicator of the quantity of skin and tissue water (Bates-Jensen 
et al. 2007, Bates-Jensen et al. 2008, Bates-Jensen et al. 2009, and 
Clendenin et al. 2015). As mentioned pressure ulcers develop due to 
ischaemia, ischaemia-reperfusion injury, impaired lymphatic function or 
cell-deformation. The changes that occur at the cellular level lead to 
inflammation and oedema, due to an abnormal increase of interstitial fluid 
at the area of injury and these are the first signs of pressure ulcer 
development (Miettinen et al. 2006, Bates-Jensen et al. 2009). This 
increase water/interstitial fluid content can be measured through the use of 
instruments that use electric and electromagnetic signals. Tissues have 
capacitive and conductive properties that are dependent on water content, 
with the uppermost layer being mainly capacitive and the deeper layers 
being mainly conductive (Alanen et al. 2004). Thus SEM can be measured 
through the use of surface electrical capacitance (Bates-Jensen et al. 
2009, Harrow &Mayrovitz 2014). Surface electrical capacitance of the skin 
is determined by the impedance of the skin to electrical forces, and thus 
can reflect oedema and water content of the epidermal and sub-epidermal 
tissues (Bates-Jensen et al. 2009). 
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Although there are still few studies analysing the potential of SEM in early 
detection of pressure ulcers, the results are promising as this method 
accurately assesses normal skin and also detects changes in pressure 
subjected skin. All of the studies that analysed SEM included in this 
systematic review (Bates-Jensen et al. 2007, Bates-Jensen et al. 2008, 
Bates-Jensen et al. 2009, Guihan et al. 2012) showed that SEM increased 
with increased skin damage, with the sacrum and the heels being the most 
common anatomical locations for the development of erythema and stage 
I pressure ulcers.  
 
In one of the studies (Bates-Jensen et al. 2007) mean SEM measures for 
all sites combined was 96.7±122.3 for normal skin, 191.5±187.6 for 
erythema/stage 1 pressure ulcer and 568.9±319.5 for stage 2+ pressure 
ulcers. This example corroborates the fact that increased SEM values 
denote increased skin damage, due to increased water content.  
SEM was also compared between subjects with light and dark skin tones, 
showing that SEM readings were lower for subjects with dark skin tones 
when compared to light skin tones however, the authors do not give a 
specific reason for this finding. 
 
Through the use of SEM it was also possible to predict erythema and 
stage I pressure ulcers one week later with odds ratio values above 1 
(Bates-Jensen et al. 2007, Bates-Jensen et al. 2008, Bates-Jensen et al. 
2009). This indicates that the water content in the skin and tissues are 
increasing due to damage that is occurring at deeper levels of the skin and 
tissue, which will only become visible after some time has elapsed. Thus it 
is reasonable to conclude that SEM measures can be used to corroborate 
the fact that pressure ulcer damage starts in deeper levels of the skin and 
tissue developing upwards and not at the skin surface and developing 
downwards. 
 
In the study by Harrow & Mayrovitz (2014) SEM also showed higher 
measures where skin damage was present as compared to normal skin. 
The authors also add that when compared with SEM, VSA is limited as a 
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tool to predict pressure ulcer development, as VSA needs to have visible 
signs of damage to effectively detect pressure ulcers, which are already 
developing in deeper levels of the skin. Thus it is possible to conclude that 
SEM is a reliable method for early pressure ulcer prediction. Furthermore, 
Clendenin et al. (2015) in their study where the reliability of a SEM 
scanner was analysed found that the device had a high reliability allowing 
for good reproducibility outcomes.  
However, it is necessary that more studies are conducted for a stronger 
body of evidence to be developed and to demonstrate the benefits of this 
new pressure ulcer detection method. 
 
5.4.4. Ultrasound 
Ultrasound is another method that might be of relevance for the early 
detection of pressure ulcers. Ultrasound works by emitting sound waves to 
create images of soft tissues and when the sound wave reaches the 
boundary of acoustically different tissues, such as fluid or soft tissue, part 
of the energy is reflected back, depending on the acoustic difference 
(Quintavalle et al. 2006, Lyder 2007). As the energy is reflected back the 
ultrasound machine can calculate the distance and intensity of the 
reflections and translate it into a two-dimensional image (Quintavalle et al. 
2006, Lyder 2007). The ultrasound wave emitted will be absorbed if it 
encounters fluid, creating a dark area in the image known as hypoechoic 
and non-echoic. The ultrasound wave is reflected when it encounters 
dense tissue creating a bright reflection known as hyperechoic or 
echogenic (Lyder 2007). If tissue damage is present there will be a less 
reflective pattern and hypoechoic areas are expected at the 
subcutaneous, dermal and sub-epidermal tissues (Lyder 2007).  
 
In keeping with the previously analysed methods, the retrieved studies 
focusing on the role of ultrasound for pressure ulcer early detection are not 
abundant. However, from the studies included in this review, all of the 
ultrasound images of suspected areas of pressure ulcer damage showed 
regions with abnormal patterns (Quintavalle et al. 2006, Kanno et al. 2009, 
Helvig & Nichols 2012, Porter-Armstrong et al. 2013). The study by 
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Quintavalle et al. (2006) is the most detailed in terms of images 
classification. In the study by Helvig & Nichols (2012) 41.2% of images 
had abnormal or borderline scans. Porter-Armstrong et al.’s (2013) one 
heel scan showed oedema between the bone and dermal layer, while 34 
showed oedema in subdermal layer progressing to dermal layer and 16 
showed oedema under intact epidermis, but with deep tissue also showing 
abnormal patterns. 
 
The animal study by Deprez et al. (2011) shows how pressure can create 
tissue strain that can, with prolonged pressure exposure, lead to the 
development of a pressure ulcer. Although pressure causes tissue strain 
that can be assessed by the use of ultrasound elastogram, this study 
differs from the others as it is not focusing on fluid content but strain level. 
 
Quintavalle et al. (2006) in their study identified and classified different 
scans in to two patterns, pattern one involved deep areas of fluid that 
progressed to the superficial dermal area and pattern two was fluid below 
an intact epidermis. Pattern one images were further divided in to three 
subgroups, where the first subgroup showed oedema at the subcutaneous 
level, the second subgroup showed oedema at the subcutaneous level 
extending to the dermis and the third subgroup showed oedema that 
extended from the subcutaneous tissue through the dermis to the dermal 
and epidermal layers (Quintavalle et al. 2006). It is interesting to note that 
both SEM and ultrasound predict pressure ulcer development based on 
tissue water content. Furthermore, the results of SEM and ultrasound 
studies show that damage starts in the deeper tissues and progresses 
towards the surface of the skin. The only superficial skin damage that 
starts at the surface of the skin is related to friction, a parallel force 
(Kottner et al. 2009) that as revealed by Quintavalle et al. (2006) shows 
oedema directly under the epidermis. 
Both SEM and ultrasound appear to be accurate methods in the early 
detection of pressure ulcers development and both methods support the 
fact that pressure ulcers start deep in the tissue, as the water content of 
these tissues increased as damage increased. Nonetheless, it is still 
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necessary that more studies on the use of ultrasound and SEM are 
conducted to consolidate the existent evidence. 
 
Focusing on the outcomes and objectives of this review it is possible to 
conclude that the methods that show some clinical significance for the 
detection of pressure ulcers are SEM, ultrasound and thermography. 
Photography can be used as an adjunct method in documenting pressure 
ulcer development and in training healthcare professionals in effectively 
identifying and grading pressure ulcers, so that there is congruency in care 
and in the treatment or preventive methods being put in place. 
Furthermore, from what has been discussed, SEM and ultrasound were 
the methods that showed best outcomes in pressure ulcer detection, 
followed by thermography, and although results clearly identify that these 
methods detect early pressure ulcer damage, more studies are necessary 
to consolidate this evidence. 
 
5.5. Summary and Conclusion 
From the studies included in this review it is clear that there are some 
methodological issues relating to the population, data collection methods, 
study design and presentation of results. Furthermore, based on the 
evidence pyramid the majority of the studies included are at lower levels of 
evidence. These methodological issues of the studies included can affect 
the generalisability of the results obtained. 
 
From the different methods analysed photography is not accurate in early 
pressure ulcer detection. This method is better used for aiding in 
documentation, and in helping healthcare professionals develop their 
classification skills and in becoming familiarised with different pressure 
ulcers stages. 
The remaining methods SEM, ultrasound and thermography showed 
interesting results, as through their use it was possible to detect changes 
in the skin and tissues congruent with tissue damage and early 
development of pressure ulcers. From these three methods SEM seems to 
be the most promising in terms of early detection of pressure ulcers 
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followed by ultrasound. Although the number of studies around these three 
methods was small, thermography only yielded one study which 
compromises any conclusions that can be made in relation to this method. 
 
From the discussion around the accuracy of SEM, ultrasound, 
thermography and photography, it can be concluded that SEM, ultrasound 
and thermography are three methods that can change the way pressure 
ulcer prevention is currently, and mainly SEM devices might be the tools 
used in the future as these can detect early changes indicating first signs 
of pressure ulcer development. 
 
5.6. Strengths and Limitations of the Systematic Review 
This systematic review followed and reported on all the steps necessary to 
conduct a systematic review as highlighted in Appendix 25. Moreover, it 
thoroughly reported on the search strategy implemented in the different 
databases and clinical registers, so that it can be replicated. One of the 
limitations of this systematic review is related to the small number of 
studies identified that analysed the role of SEM, ultrasound, thermography 
and photography in the prediction of pressure ulcer presence. This could 
be due to the fact that the writer was looking only at studies where 
pressure ulcers had not developed yet, as only these studies would give a 
real idea of the role that SEM, ultrasound and thermography have in 
detecting what characteristic exist in the early development of pressure 
ulcers. However, it would be important to also analyse what measures 
these methods show when pressure ulcer with a stage greater than I are 
present. Another limitation in this systematic review is the fact that it was 
not possible to conduct meta-analysis as no RCTs were retrieved. 
 
5.7. Contributions of the Systematic Review 
This systematic review was concerned with analysing the accuracy of 
SEM, ultrasound, thermography and photography in predicting pressure 
ulcer presence. From what has been reviewed it is possible to say that 
photography does not allow for the prediction of pressure ulcer presence, 
and thus cannot be used as such in clinical practice. Its main role is 
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related with adjunction of documentation for assess pressure ulcer 
progression and for help healthcare professionals in developing their 
classification skills, so that different nurses all classify a pressure ulcer 
stage I correctly. 
 
This systematic review has showed that SEM and ultrasound are accurate 
methods in early detection of pressure ulcer presence, and in predicting 
the development of a pressure ulcer one week later, after initial 
assessment. Furthermore, the data analysed in this systematic review 
show that the measures obtained from SEM and ultrasound, corroborate 
the theory that pressure ulcers start developing on the deep tissues and 
not at the surface of the skin, thus what we classify as being a pressure 
ulcer stage I is actual a deep tissue injury. As skin damage occurs, 
interstitial fluid and oedema develop increasing the water/fluid content of 
the tissues, as postulated by different theories, previously analysed in this 
systematic review, and thus, if the presence of this increased water 
content can be identified, then aggravation of pressure ulcer development 
can be stopped. The two methods that allow for this are SEM and 
ultrasound.  
Thermography, might also be a promising method for the early detection 
of pressure ulcers, however the scarcity of studies does not allow for any 
strong conclusions to be made. 
 
Research is fundamental for health and social gain so that a better 
understanding of the factors that influence changes in social structures 
that in turn will promote healthier environments for the population is gained 
(DoHC 2003). Pressure ulcers are a health problem that affects the 
individual, the healthcare system and society as a whole (HSE 2009). 
Therefore, it is important to develop strategies that will allow for the 
prevention of this costly health problem. Through this systematic review 
four methods, SEM, ultrasound, thermography and photography have 
been analysed for their potential to help deal with the problem of pressure 
ulcers. From these methods SEM and ultrasound show good outcomes in 
the early detection of pressure ulcers and these could greatly help in 
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decreasing the prevalence and incidence of pressure ulcers. Nurses as 
professionals need to be aware that preventing pressure ulcer 
development is important to improve patient’s quality of life and to help 
reduce the cost that this preventable problem has for society and 
healthcare systems. To achieve that, and through the use of research 
evidence, new methods can be trialled and if deemed reliable and 
accurate then these should be part of clinical practice in adjunction with 
VSA and risk assessment tools, that will identify those more at risk of 
pressure ulcer development. If best practice is implemented then patients 
and health care systems can expect that all the negative factors derived 
from pressure ulcers that might impact on their lives will be addressed, 
thus promoting better life conditions allowing patients to have a healthier 
and enhanced quality of life. 
 
5.8. Recommendations for Clinical Practice and for Future Research 
From the studies analysed SEM, ultrasound and thermography, presented 
promising results in the early detection of pressure ulcers, being SEM the 
most prominent one of the three tools. Although the results of this 
systematic review show that SEM has the potential to detect tissue 
damage and early development of pressure ulcers, it is necessary that this 
tool is used in clinical practice to gain a deeper understanding of SEMs’ 
real potential in terms of patient outcomes. Thus it would be relevant for 
clinical practice that wound and tissue viability specialist nurses had 
access to a SEM device so that they could use it has part of their daily 
clinical assessment of individuals considered at risk of developing a 
pressure ulcer and of those with pressure ulcers, to try and assess the 
progress of the ulcer. However, for this investment to happen in healthcare 
services more evidence needs to be established of the validity, accuracy 
and preventive potential of SEM. As this systematic review has showed, 
there is little evidence available around SEM and so it is necessary that 
further research is conducted. This should focus on the measurement of 
SEM values in individuals at risk of developing pressure ulcers and in 
individuals with pressure ulcers. It would also be important to measure 
SEM values in healthy individuals and compare the results with individuals 
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at risk or with pressure ulcers, as this comparison will contribute in 
demonstrating how SEM might be decisive for clinical practice if indeed 
SEM readings show a significant difference according to the different sets 
of individuals. Furthermore, it is important to undertake research using 
SEM in different healthcare settings, like acute care, paediatric care, 
operating room, critical care, as the research undertaken so far has 
focused mainly in residential and long-term care facilities, as all individuals 
are potentially at risk of developing a pressure ulcers. 
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Chapter 6. Summary and Conclusion to the Systematic Review 
6.1. Introduction 
This chapter will present and overall summary and conclusion of this 
systematic review. 
 
6.2. Summary and Conclusion 
Pressure ulcers are a major healthcare problem with a great impact in the 
individual, the healthcare system and society as a whole. International 
pressure ulcer prevalence and incidence varies between 2.2% - 42.7% 
and 1.4% - 49%, respectively. In relation to Irish figures, the prevalence 
and incidence of pressure ulcers varies between 4% - 37% and 8% - 
14.4%, respectively. This data show that pressure ulcers prevalence and 
incidence is high, especially if one reflects on the fact that this is largely a 
preventable health problem. Besides prevalence and incidence figures 
showing the burden of pressure ulcers, it is also important to highlight that 
these have a major financial impact on healthcare services and a major 
impact on individuals’ quality of life.  
 
Pressure ulcers are areas of skin damage that can include underlying 
tissue, and develop normally over bony prominences, as a result of 
pressure alone or pressure in conjunction with shear. Besides pressure, 
other risk factors will influence the development and aggravation of 
pressures ulcers. There are some theories that try to explain how pressure 
ulcers might develop and these include ischaemia, reperfusion injury, 
impaired interstitial fluid flow and sustained cell deformation. However, the 
actual mechanism that leads to the development of pressure ulcers it is 
still not clear.  
 
Though pressure/shear is the main causative factor for the development of 
pressure ulcers, other risk factors such as nutritional status, mobility, 
activity, age might also influence the onset and aggravation or pressure 
ulcers. Thus risk assessment tools can be valuable to try and identify 
those individuals that might present with risk factors for the onset of 
pressure ulcers. Nonetheless, risk assessment tools do not allow for the 
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identification of tissue changes, only when non-blanchable erythema or a 
pressure ulcer stage II is already present, and thus, for the effective 
prevention of pressure ulcers because tissue changes can be already 
underway. For this reason, it is necessary to identify other methods that 
might identify cellular and underlying tissue changes and predict the 
presence of pressure ulcers, in order to prevent its further development. 
These methods would enable quantification of pressure ulcer damage 
beneath the skin that is not currently visible to the naked eye. Such 
methods include SEM, ultrasound, thermography and photography and 
their accuracy in predicting pressure ulcers was the focus of this 
systematic review. 
 
In order to analyse the accuracy of SEM, ultrasound, thermography and 
photography in predicting pressure ulcer presence, a systematic review 
was conducted. This method was chosen because it is at the top of the 
hierarchy of evidence, as systematic review is a research method with the 
purpose of accessing, gathering and summarising all the available primary 
evidence, through a detailed search of all the relevant published and 
unpublished literature. This type of research is key as it will allow nurses to 
access best evidence information that can not only allow for evidence 
based practice, but also for evidence based clinical decisions that are 
crucial for the quality of nursing care. However it is necessary that 
researchers are aware of the bias that can be present in the literature and 
thus it is important that the risk of bias in included studies is analysed 
when undertaking a systematic review, to allow for the development of 
high quality evidence.   
 
From the analysis of the studies retrieved for this systematic review it is 
clear that there are some methodological issues relating to the population, 
data collection methods, study design and presentation of results. These 
can have a negative impact and limit the applicability of the results in 
practice.  
From the different methods analysed in terms of their accuracy in 
predicting pressure ulcer presence, photography is not accurate in early 
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pressure ulcer detection, because these photographs already depict the 
presence of a pressure ulcer and thus photography does not predict its 
development. Furthermore, photographs are images of the surface of the 
skin, and do not allow to observe for changes in the deeper levels of the 
skin and tissues. Moreover this method is better used for aiding in 
documentation, and in helping healthcare professionals develop their 
classification skills and in becoming familiarised with different pressure 
ulcers stages. 
The remaining methods SEM, ultrasound and thermography show better 
outcomes in terms of their accuracy in predicting pressure ulcer presence 
although, thermography needs to be further investigated as there was only 
one study that the writer found that analysed the role of thermography. 
Therefore it can be concluded that SEM and ultrasound are accurate on 
the early detection of pressure ulcers, based on the studies analysed and 
these methods should be further studied and used in practice for the 
prevention of pressure ulcer development. 
 
Visual skin assessment and risk assessment tools are important in daily 
practice to assess those patient most at risk, however these methods 
cannot identify when pressure ulcers are developing, as this becomes 
evident only when skin damage is visible. The fact that these two methods 
cannot predict pressure ulcer presence earlier is because pressure ulcers 
start developing at the deep tissues and develop upwards towards the 
surface of the skin. For this reason only methods that can identify changes 
in the tissues and deeper skin levels will allow for effective pressure ulcer 
prevention. These methods, as shown by this systematic review are SEM 
and ultrasound. 
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Pressure 
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the 
American 
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the Braden scale. 
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NOVA Petite (NOVA 
Technology 
Corporation, 75 
Congress St., 
Portsmouth) dermal 
phase meter (used 
to measure skin 
hydration) has a 
probe which was 
placed in the skin 
surface of all of the 
seven anatomical 
locations, for 5 
seconds. After the 
reading the 
The VSA data 
for erythema 
was combined 
with Stage 1 PU  
data. Thus, 
erythema/ 
Stage 1 data 
include all visual 
assessments of 
moderate or 
severe 
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that were 
blanchable or 
»A total of 28 
incident Stage 
21PUs 
developed in 
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over the 52 
weeks for a 
yearly 
incidence rate 
of 46% in this 
sample of at-
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SEM measures 
are associated 
with concurrent 
erythema and PUs 
and future (1 week 
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of erythema/Stage 
1 PUs. 
 
SEM may assist in 
predicting early 
PU damage, 
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the 52 
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the study 
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assessment 
Bed Mobility 
Score (0-4): 
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MDS Transfer 
self-
performance = 
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dependence: 
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MDS Recall 
Score (0-4): 
2.1 ±1.2 
Braden PU 
risk score (0-
23): 16.5 ±3.6 
MDS PU 
Resident 
Assessment 
Protocol 
initiated at 
baseline: 
74.2% 
assessed directly and 
independently through 
VSA each week by 
trained registered 
nurses. 
 
SEM was measured 
weekly at each of the 
anatomical location 
(right trocanter/left, 
trocanter/right, 
ischial/left ischial/left 
buttock/right 
buttock/sacral) using the 
NOVA Petite dermal 
phase meter. Observers 
were blinded to the 
purpose of using the 
dermal phase meter. 
Three readings were 
taken at each 
anatomical site, and 
were highly correlated 
(r=0.90) only data from 
the third reading was 
used in the analysis. 
This is because of 
simultaneous skin 
surface temperature 
data collection, which 
requires longer 
placement for accuracy. 
impedance value of 
the skin is displayed 
in dermal phase 
units (DPUs). The 
DPUs is an arbitrary 
relative value and 
readings range from 
0 to 999, with higher 
readings indicating 
higher SEM. 
non-blanchable 
with any level of 
tissue resilience. 
Separate 
repeated 
measures 
analyses of 
variance 
(ANOVAs) for 
each anatomic 
location were 
used to 
determine 
whether mean 
moisture value 
varied according 
to VSA, followed 
by pairwise post 
hoc 
comparisons. A 
repeated-
measures 
ANOVA with 
pairwise post 
hoc 
comparisons 
was also used to 
determine 
whether SEM 
measures were 
responsive to 
weekly changes 
in visual skin 
condition. 
Change scores 
for SEM 
measures for 
each week were 
calculated, and 
visual skin 
condition 
 
» Significant 
differences 
between SEM 
measures and 
VSA 
outcomes, 
with a clear 
relationship 
showing 
higher 
concurrent 
SEM 
measures with 
greater skin 
damage. 
 
» For all sites 
combined 
SEM was 
97±122 for 
normal skin, 
192±188 for 
erythema/Stag
e 1 and 
569±320 for 
Stage 2+ PUs. 
 
» Pairwise 
post hoc 
differences 
were 
significant 
between all 
skin condition 
categories 
(norma-
allowing for earlier 
intervention to 
prevent skin 
damage. 
234 
 
changes were 
rated in one of 
three patterns of 
skin change. 
The skin change 
patterns were 
rated as no 
change, any 
level of skin 
damage to the 
same level of 
skin damage 
(e.g., no 
damage to no 
damage); 
deterioration, 
any level of skin 
damage to more 
severe skin 
damage (e.g., 
no damage to 
erythema/Stage 
1 PU); and 
improvement, 
any level of skin 
damage to less-
severe skin 
damage (e.g., 
erythema/Stage 
1 PU to no 
damage). To 
determine 
whether 
increasing SEM 
was an indicator 
of subsequent 
skin damage, 
first 
observations 
were selected in 
which no Stage 
2+PU damage 
was noted 
erythema/Stag
e 1 PU; 
normal-Stage 
2+ PU; and 
erythema/Stag
e 1 PU-Stage 
2+ PU; all 
P˂.001). This 
relationship 
existed across 
all anatomic 
sites and in 
observations 
with and 
without 
incontinence 
present. 
 
»SEM values 
ranged across 
the distribution 
for all three 
types of VSAs, 
SEM 
increased as 
skin damage 
severity 
increased. 
 
»For 
observations 
with no skin 
damage, 
approximately 
50% of the 
observations 
had SEM 
values of 50 
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according to 
visual 
assessment and 
for which no 
incontinence 
was observed. 
Then, 
proportional 
odds models 
using 
generalized 
ordered logistic 
modeling (Stata 
9, StataCorp, 
College Station, 
TX) were used 
to determine 
whether SEM 
measures 
predicted 
occurrence of 
skin damage 1 
week later, 
controlling for 
within-subject 
clustering. Skin 
damage was an 
ordered 
outcome of 
none, 
erythema/Stage 
1 PU, or Stage 
2+PU. 
Covariates were 
Braden Pressure 
Sore Risk 
Assessment 
Scale score 
(e.g., at-risk 
scores of 0–18 
and no-risk 
scores of ≥19), 
SEM readings 
DPU or less, 
compared with 
SEM values of 
approximately 
150 DPU for 
erythema/Stag
e 1 and 750 
DPU for Stage 
2 or more. 
 
»SEM 
measures 
were 
responsive to 
changes 
observed 
visually in skin 
condition from 
week to week. 
SEM change 
scores were 
lower for those 
with a visual 
skin change 
pattern of no 
change in 
level of skin 
damage than 
for those with 
patterns of 
deterioration 
and 
improvement 
(mean change 
in SEM: no 
change 
16.14±149.87, 
deteriorated 
98.32±232.14, 
improved 
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concurrent with 
visual 
assessment, 
and ethnicity. An 
odds ratio (OR) 
was calculated 
for a 100-unit 
change in DPU 
reading, 
because 1-unit 
changes in DPU 
readings were 
too small to be 
of clinical use. 
The OR for 100-
unit change in 
DPU reading 
was calculated 
using the 
following 
formula: exp 
(100 x β1 SEM 1 
wk earlier +0 x 
β2 concurrent 
SEM+0 x β3 
Braden Score 
risk status +0 x 
β4 ethnicity). 
33.47±230.42)
. All pairwise 
post hoc 
differences 
were 
significant for 
sacral and 
right buttock 
sites (all 
P˂.05, except 
no change vs 
deteriorated 
for right 
buttock). 
 
»SEM values, 
using sacral 
and buttocks 
SEM data 
collected at 
timepoints 
when there 
was no 
evidence of 
Stage 2+PU 
skin damage 
according to 
visual 
assessment, 
predicted the 
incidence of 
erythema/ 
Stage 1 PU 
damage 
identified 1 
week later 
(OR=1.26 per 
100 DPU), 
adjusting for 
concurrent 
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SEM. The OR 
for SEM 
prediction of 
erythema/Stag
e 1 damage 
deteriorating 
to Stage 
2+PUs was 
similar but not 
statistically 
significant, 
perhaps 
because of the 
small number 
of 
observations 
that 
progressed to 
Stage 2+PUs. 
Bates-Jensen 
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Journal 
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Geographical 
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Research Question Aim & Objectives Study Type Design 
Outcome 
Measures 
Subepiderm
al moisture 
differentiates 
erythema 
and stage 1 
pressure 
ulcers in 
nursing 
home 
residents. 
Wound 
Repair and 
Regeneratio
n 
2.768 U.S.A 
Does a relationship exist 
between SEM and visual 
detection of the 
presence of 
erythema/Stage 1 PrUs? 
 
Can SEM measures be 
used to predict the 
presence of or changes 
in all stages of skin 
damage, including 
changes between 
erythema and stage 1 
PrUs? 
Examine the 
relationship between 
SEM and direct 
visual assessment 
of erythema and 
stage I PUs 
separately within a 
shorter observation 
period (20 weeks vs. 
1 year). 
Quantitative 
Descriptive 
Cohort Study 
Not mentioned 
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Care 
Setting 
Inclusion/ 
Exclusion 
Criteria 
Sample 
Size 
Patient 
Characteristi
cs 
Study procedures 
details 
Device 
Characteristics 
Data Analysis Results Conclusions 
 
 
Two nursing 
homes 
 
 
 
 
 
Not 
mentioned 
n=31 
 
n=1 
discharge
d 
 
n=5 died 
 
Only n=28 
completed 
the 20 
weeks of 
the study 
Female: 83% 
Non-Hispanic 
White: 72% 
Age: 84.14 
(9.36) 
Length of stay, 
months: 32.81 
(38.4) 
MDS 
assessment 
Bed Mobility 
Score (0-4): 
2.38 (1.32) 
MDS Transfer 
self-
performance = 
total 
dependence: 
31% 
MDS Recall 
Score (0-4): 
2.59 (1.43) 
Braden PU 
risk score (0-
23): 16.73 
(3.5) 
MDS PU 
Resident 
Data on medical and 
demographical 
information was 
extracted from 
consenting participant’s 
medical records. 
 
Risk for PU 
development was 
assessed monthly using 
the Braden scale. 
 
Skin health was 
assessed directly and 
independently through 
VSA each week by 
trained registered 
nurses. 
 
SEM was measured 
weekly at each of the 
anatomical location 
(right trocanter/left 
trocanter/right, 
ischial/left ischial/left, 
buttock/right 
buttock/sacral) using the 
NOVA Petite dermal 
phase meter. Observers 
were blinded to the 
purpose of using the 
NOVA Petite (NOVA 
Technology 
Corporation, 75 
Congress St., 
Portsmouth) dermal 
phase meter (used 
to measure skin 
hydration) has a 
probe which was 
placed in the skin 
surface of all of the 
seven anatomical 
locations, for 5 
seconds. After the 
reading the 
impedance value of 
the skin is displayed 
in dermal phase 
units (DPUs). The 
DPUs is an arbitrary 
relative value and 
readings range from 
0 to 999, with higher 
readings indicating 
higher SEM. 
To assess the 
relationship 
between visual 
assessment and 
SEM, 
techniques were 
used that 
allowed for 
clustered 
repeated 
measures, as an 
observation was 
defined by week 
and anatomic 
location. To 
determine if 
mean SEM 
varied by visual 
assessment, 
separate 
repeated 
measures 
ANOVAs for 
each anatomic 
location were 
evaluated. To 
determine if 
SEM was 
responsive to 
weekly changes 
in visual skin 
condition, 
separate 
repeated 
measures 
ANOVAs for 
each week of 
»A total of 15 
incident stage 
II or greater 
PU developed 
in eight 
subjects over 
the 20 weeks, 
for a 4-month 
incidence rate 
of 26% in this 
sample of at 
risk subjects. 
 
»There were 
significant 
differences 
between SEM 
and visual 
assessment 
outcomes with 
a clear 
relationship 
showing 
higher 
concurrent 
SEM with 
greater skin 
damage. For 
all sites 
combined, 
mean SEM 
was 104DPU 
(SD 115) for 
normal skin, 
185DPU (SD 
SEM was 
associated with 
concurrent skin 
damage and 
future (1 week 
later) development 
of sacral 
erythema/stage I 
PUs. 
 
SEM differentiates 
between erythema 
and stage I PUs. 
 
SEM may assist in 
predicting early 
PU damage, 
allowing for earlier 
intervention to 
prevent PUs. 
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Assessment 
Protocol 
initiated at 
baseline: 
89.7% 
dermal phase meter. 
Two SEM readings were 
taken at each anatomic 
site; the second reading 
was used due to other 
protocol considerations 
(readings were highly 
correlated, r=0.88). 
Interrater reliability was 
r=0.63 for all sites. 
observation with 
pairwise post 
hoc 
comparisons 
were evaluated. 
Change scores 
for SEM for each 
week were 
calculated and 
visual skin 
condition 
changes were 
rated in one of 
three patterns of 
skin changes. 
The skin change 
patterns were 
rated as: no 
change (e.g., no 
damage to no 
damage); 
deterioration, 
(e.g., erythema 
to stage I PU); 
and 
improvement, 
(e.g., erythema 
to no damage). 
To determine if 
SEM was an 
indicator of 
concurrent 
visual skin 
damage, data 
were analyzed 
using 
observation time 
as the unit of 
analyses with 
generalized 
ordered logistic 
modeling, 
appropriately 
138) for 
erythema, 
264DPU (SD 
208) for stage 
I PU, and 
727DPU (SD 
287) for stage 
II+ PUs. 
 
»Pairwise post 
hoc 
differences 
were 
significant 
between all 
skin condition 
categories 
(normal–
erythema, 
normal– stage 
I PU, normal–
stage II1 PU; 
erythema–
stage I PU, 
erythema–
stage II+ PU, 
stage I PU–
stage II1 PUs; 
all p ≤  
0.0003). 
 
»SEM 
increases as 
skin damage 
severity 
increases. For 
observations 
with no skin 
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modeling the 
repeated 
observations 
and time-
dependent 
measures. This 
type of logistic 
model 
capitalizes on 
the ordinal 
nature of the 
polychotomous 
outcome 
measure (four 
levels of skin 
damage: no 
damage, 
erythema, stage 
I PU, and stage 
II+ PU) and 
allows for 
comparisons of 
increasing 
severity with all 
categories of 
less severity, 
rather than just 
with the 
reference group 
of no disease as 
in traditional 
logistic 
regression. 
Stata version 9 
allows for this 
class of models 
(a subset of 
generalized 
estimating 
equations), 
including effects 
for participant 
and 
damage, 
about 50% of 
the 
observations 
have SEM 
values of 
50DPU or 
less, 
compared with 
SEM values of 
approximately 
175DPU for 
erythema, 
200DPU for 
stage I PUs, 
and 875DPU 
for stage II+ 
PUs. Second, 
there is less 
differentiation 
between SEM 
values for 
erythema and 
stage I PU. 
 
»SEM was 
responsive to 
changes 
observed 
visually in skin 
condition from 
week to week. 
SEM change 
scores were 
lower for those 
with a visual 
skin change 
pattern of no 
change in 
level of skin 
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measurement 
period (included 
in all models) to 
account for the 
correlated 
nature of the 
data. Anatomic 
site was 
controlled by 
including dummy 
variables for 
each anatomic 
location in the 
model. The 
following model 
was used to 
assess the 
relationship of 
SEM to 
concurrent 
visual 
assessment 
where 
concurrent skin 
damage was an 
ordered 
outcome of 
none, erythema, 
stage I PU, or 
stage II+ PU and 
covariates 
included Braden 
Pressure Sore 
Risk 
Assessment 
Scale category. 
To determine if 
increasing SEM 
was an indicator 
of subsequent 
skin damage, we 
used the same 
approach with 
damage 
compared with 
the patterns of 
deterioration 
and 
improvement 
(mean change 
in SEM: no 
change 0.4± 
SD 142.8, 
deteriorated 
104.8± SD 
240.3, 
improved - 
106.8± SD 
236.7). 
Differences 
were 
significant for 
all but 3 weeks 
(all p≤ 0.03). 
 
»SEM was an 
indicator of 
concurrent 
skin damage 
for all 
anatomic sites 
controlling for 
Braden Scale 
risk status and 
within subject 
clustering.  
 
»SEM values 
predicted the 
presence of 
erythema, 
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more stringent 
criteria for data 
inclusion: only 
data from the 
sacral site as 
other sites had 
low frequencies 
for skin 
outcomes, 
observations 
with 
incontinence 
were excluded 
to ensure no 
contamination of 
SEM measures, 
and 
observations 
with stage II1 
PU at the outset 
were excluded 
as no 
progression 
could be 
assessed. 
Covariates were 
SEM values 
concurrent with 
visual 
assessment and 
Braden risk 
category. Odds 
ratios (ORs) 
were calculated 
for a 100-unit 
change in DPU 
reading in order 
to be of clinical 
use. 
stage I PUs, 
and stage II+ 
PUs with an 
OR=51.99 per 
100 DPU. 
Braden Scale 
PU Risk status 
was not 
significant for 
any of the 
three levels of 
visual skin 
damage. 
 
»SEM values, 
using sacral 
and buttocks 
SEM data 
collected at 
time points 
when there 
was no 
evidence of 
Stage II+ PU 
skin damage 
according to 
visual 
assessment,  
predicted the 
incidence of 
erythema 
and/or stage I 
PU damage 
identified 1 
week later 
adjusting for 
concurrent 
SEM and 
Braden Scale 
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PU risk status 
(OR=51.003, 
99% 
confidence 
interval [CI] 
1.000–1.006; 
OR=51.32/100 
DPU). Braden 
Scale PU risk 
status was not 
significant 
(OR=51.18, 
99% CI .211–
6.653). 
Bates-Jensen 
et al. 
2009 
Title 
Source/ 
Journal 
Impact 
Factor 
Geographical 
Location 
Research Question Aim & Objectives Study Type Design 
Outcome 
Measures 
Subepiderm
al moisture 
is 
associated 
with early 
pressure 
ulcer 
damage in 
nursing 
home 
residents 
with dark 
skin tones. 
Journal of 
Wound, 
Ostomy 
and 
Continence 
Nursing 
1.000 
 
U.S.A 
Does a relationship exist 
between SEM and visual 
detection of the 
presence of early PU in 
persons with dark skin 
tones? 
 
Can SEM be used to 
detect early PU in 
persons with dark skin 
tones? 
Examine the 
relationship between 
a measure of skin 
and tissue water, 
SEM, and visual 
assessment of early 
PU damage in 
nursing home 
residents with dark 
skin tones. 
Quantitative 
Descriptive 
Cohort Study 
Not mentioned 
Care 
Setting 
Inclusion/ 
Exclusion 
Criteria 
Sample 
Size 
Patient 
Characteristi
cs 
Study procedures 
details 
Device 
Characteristics 
Data Analysis Results Conclusions 
 
Four nursing 
Not 
mentioned 
n=66 
Residents with 
Light skin 
tones (n=55): 
Medical records were 
reviewed monthly. 
NOVA Petite (NOVA 
Technology 
Corporation, 75 
Congress St., 
To determine if 
increasing SEM 
was an indicator 
of subsequent 
»Participants 
with light skin 
tones, 13 
participants 
Subepidermal 
moisture was 
associated with 
future (1 week 
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homes 
 
 
Female: 
81,8% (45) 
Age: 83.9 
(10.9) 
Length of stay, 
months: 32.2 
(35.0) 
Minimum Data 
Set (MDS) 
assessment 
Bed Mobility 
Score (0-4): 
2.0 (1.5) 
MDS Transfer 
self-
performance 
(0-4): 2.4 (1.4) 
MDS Recall 
Score (0-4): 
2.4 (1.3) 
Braden PU 
risk score (0-
23): 16.5 (3.6) 
MDS PU 
Resident 
Assessment 
Protocol 
initiated at 
baseline: 
74.2% (37) 
 
 
Race/ethnicity was 
used, as completed 
within 
the MDS, as a proxy for 
skin tone. While this 
measure is imprecise, it 
enabled us to evaluate 
these pilot data. 
 
Risk for PU 
development was 
assessed monthly using 
the Braden scale. 
 
Skin health was 
assessed directly and 
independently through 
VSA of the sacrum, 
trochanters, buttocks, 
and ischium each week 
for 20 weeks by trained 
registered nurses. 
 
SEM was measured 
weekly at each of the 
anatomical location 
using the NOVA Petite 
dermal phase meter. 
Observers were blinded 
to the purpose of using 
the dermal phase meter. 
Portsmouth) dermal 
phase meter (used 
to measure skin 
hydration) has a 
probe which was 
placed in the skin 
surface of all of the 
seven anatomical 
locations, for 5 
seconds. After the 
reading the 
impedance value of 
the skin is displayed 
in dermal phase 
units (DPUs). The 
DPUs is an arbitrary 
relative value and 
readings range from 
0 to 999, with higher 
readings indicating 
higher SEM. 
skin damage, 
observations 
were first 
selected in 
which no stage 
II+ PU damage 
was noted by 
visual 
assessment and 
for which no 
incontinence 
was observed. 
Proportional 
odds models 
using 
generalized 
ordered logistic 
modeling (Stata 
9) were then 
calculated to 
determine if 
SEM measures 
detected 
occurrence of 
skin damage 
1 week later 
controlling for 
within-subject 
clustering. Skin 
damage was 
categorized as 
none, 
erythema/stage I 
PU, or stage II+  
PU. Covariates 
were Braden 
Pressure Sore 
Risk 
Assessment 
Scale score and 
SEM readings 
developed 21 
incident stage 
II+  PU over 
the 20 weeks, 
for an 
incidence rate 
of 24% in this 
sample of at-
risk subjects. 
 
»Participants 
with dark skin 
tones, 3 
developed 9 
incident stage 
II+  PU for an 
incidence rate 
of 27% over 
20 weeks. 
 
»Sixteen of 
the total 
incident PU 
developed 
over the sacral 
site. No 
differences 
existed 
between those 
with dark and 
light skin tones 
in the 
development 
or severity of 
incident PU. 
 
later) PU in 
persons with dark 
skin tones. 
 
Subepidermal 
moisture threshold 
values may assist 
in detecting early 
PU in persons with 
dark skin tones, 
allowing for earlier 
intervention to 
prevent PU.  
 
These findings 
should be further 
evaluated in 
persons with dark 
skin tones. 
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Residents with 
Dark skin 
tones (n=11): 
Female: 
90.9% (10) 
Age: 87.3 (5.2) 
Length of stay, 
months: 21.6 
(22) 
Minimum Data 
Set (MDS) 
assessment 
Bed Mobility 
Score (0-4): 
1.6 (1.4) 
MDS Transfer 
self-
performance 
(0-4): 2.4 (1.3) 
MDS Recall 
Score (0-4): 
2.0 (1.5) 
Braden PU 
risk score (0-
23): 17.5 (3.5) 
MDS PU 
Resident 
Assessment 
Protocol 
initiated at 
baseline: 
concurrent with 
visual 
assessment. 
Data from sacral 
and buttocks 
sites was looked 
at as the ischial 
sites had low 
occurrences of 
erythema/stage I 
PU and stage II+  
PU. We 
calculated an 
odds ratio (OR) 
for a 100-unit 
change in DPU 
reading because 
1-unit changes 
in DPU readings 
were too small 
to be of clinical 
use. The 
relationship of 3 
SEM threshold 
values (e.g., 50 
DPU, 150 DPU, 
300 DPU), was 
also assessed, 
to concurrent 
and future visual 
assessment with 
a separate 
model for each 
threshold value, 
and Braden 
Pressure Sore 
Risk 
Assessment 
Scale category 
as a covariate. 
Data from light 
and dark skin 
tones was 
»SEM values 
were higher 
when more 
severe skin 
damage was 
observed. For 
all pelvic sites 
combined, 
mean SEM 
was 83.45 ± 
100.62 
(SD) for 
normal skin, 
150.42 ± 
128.21 for 
erythema/stag
e I, and 
564.42 ± 
368.53 for 
stage II+ PU. 
 
»Pairwise post 
hoc 
differences 
were 
significant 
between all 
skin condition 
categories 
(normal-
erythema/stag
e I PU; 
normal-stage 
II + PU; and 
erythema/stag
e I PU-stage 
II+  PU; all P˂ 
.001). 
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90.9% (10) analysed in 
separate 
models. 
 
»The SEM 
values for 
persons with 
dark skin 
tones were 
lower for 
sacral sites 
and for normal 
skin 
assessment 
conditions 
compared to 
persons with 
light skin tones 
however, the 
SEM pattern 
of scores was 
similar in both 
groups. 
 
»Participants 
dark skin 
tones, SEM 
values 
detected the 
incidence of 
erythema/stag
e I PU 
damage 
identified 1 
week later 
(OR=1.88 per 
100 DPU) 
adjusting for 
concurrent 
SEM. SEM 
values also 
detected the 
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incidence of 
stage II+ PU 1 
week later 
(OR=1.02 per 
1 DPU, 95% 
CI, 1.007-
1.024). This 
relationship 
appears 
stronger in 
persons with 
dark skin 
tones 
compared to 
those with light 
skin 
tones in whom 
ORs for SEM 
values for 
detecting the 
incidence of 
stage II PU 
damage the 
following week 
while 
significant 
were lower 
(OR=1.01 per 
1 DPU, 95% 
CI, 1.001-1.01; 
OR=1.15 per 
100 DPU). 
 
»Subepiderma
l moisture 
threshold of 50 
DPU was 
significant for 
248 
 
detecting 
erythema/stag
e I PU in 
persons with 
dark skin 
tones 
(OR=5.3, CI, 
1.87-15.11, 
P˂.001). 
 
»SEM 
threshold 
values of 50 
DPU and 150 
DPU were 
significant for 
detecting 
stage II+ PU in 
persons with 
dark skin 
tones 1 week 
later 
(OR=8.51, CI, 
1.95-3.71; and 
13.06 CI, 2.60-
65.56, 
respectively, 
both P˂.001). 
 
»Subepiderma
l moisture 
threshold 
values above 
300 DPU were 
significant for 
detecting 
stage II PU in 
persons with 
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light skin 
tones. 
Guihan et al. 
2012 
Title 
Source/ 
Journal 
Impact 
Factor 
Geographical 
Location 
Research Question Aim & Objectives Study Type Design 
Outcome 
Measures 
 
Assessing 
the 
feasibility of 
subepiderm
al moisture 
to predict 
erythema 
and stage 1 
pressure 
ulcers in 
persons with 
spinal cord 
injury (SCI): 
A pilot study. 
 
 
The Journal 
of Spinal 
Cord 
Medicine 
1.878 U.S.A Not mentioned 
Assess the 
feasibility of 
obtaining 
biophysical 
measures of SEM to 
predict PUs in 
persons with SCI in 
preparation for a 
larger study to fully 
examine the use of 
SEM. 
 
The immediate 
objectiveswere to: 
describe the 
relationship between 
SEM and stage I 
PUs in persons with 
SCI; assess the 
sensitivity of various 
anatomic locations 
to SEM measures 
and test the 
relationship between 
SEM measurement 
intervals (daily, 
weekly, and bi-
weekly) and stage I 
PUs. 
Quantitative 
Prospective 
single-arm 
post-test 
observational 
SEM, 
(VSA), and stage I 
PUs. 
Care 
Setting 
Inclusion/ 
Exclusion 
Sample 
Size 
Patient 
Characteristi
Study procedures 
details 
Device 
Characteristics 
Data Analysis Results Conclusions 
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Criteria cs 
Rehabilitatio
n services 
of a SCI 
care facility 
and a 
residential 
care facility 
Not 
mentioned 
n=32 
 
n=2 
withdrew 
 
n=5 died 
 
Only n=28 
completed 
the 52 
weeks of 
the study 
Age (n = 32): 
65.19 (11.35, 
47–83) 
Race 
White: 18 
(56.25%) 
African-
American: 11 
(34.38%) 
Hispanic: 2 
(6.25%) 
Other: 1 
(3.13%) 
Type of 
residence: 
House - 18 
(56.25%) 
Apartment - 3 
(9.38%) 
NH - 1 
(3.13%) 
RCF - 10 
(31.25%) 
 
Education: 
High school 
VSAs and SEM 
measures of each 
subjects’ sacrum, right 
and left heels, 
trochanter, ischium, and 
buttocks were obtained 
by research staff daily 
(residential care facility 
participants) or weekly 
(SCI Service 
participants) for 16 
weeks. 
 
Munsell color tiles were 
used to objectively 
assess skin tone during 
the initial skin 
assessment. SEM was 
measured with a DPM 
(MoistureMeter D) at two 
penetration depths (0.5 
and 1.5 mm). 
 
Initial inter-rater 
reliability assessments 
on the DPM were 
conducted with 13 
healthy volunteers 
measuring SEM over the 
hip. Assessments 
conducted using two 
pairs of observers 
resulted in correlation 
coefficients of r= 0.92 
and 0.86. VSA was 
rated as: 0 = no skin 
MoistureMeter D, 
(Delfin 
Technologies, Ltd, 
Kuopio, Finland) at 
two penetration 
depths (0.5 and 1.5 
mm). Values range 
from 1 to 80 
dielectric constant 
(vacuum/air = 1; 
pure water = 78.5; 
normal skin 
approximately 40), 
with higher DPM 
readings indicating 
more water (e.g., 
edema and 
inflammation). The 
DPM measures the 
dielectric constant in 
relation to stratum 
corneum thickness. 
Readings are 
generated 
immediately after 8 
seconds of light skin 
touch and are stable 
with a coefficient of 
variation of only 
2.8%. 
Descriptive 
analyses were 
conducted 
calculating 
means, 
medians, and 
minimum and 
maximum 
values. SEM 
measures were 
compared to 
VSA of skin 
damage for all 
anatomic 
locations and for 
each anatomic 
location 
separately. SEM 
values obtained 
over scar tissue 
were evaluated 
and the stability 
of SEM values 
taken daily. 
Participant/ 
caregiver were 
interviewed on 
device use. 
»53% non-
Hispanic white 
and 32% 
presenting 
with current 
stage IV PrUs 
at the start of 
the study. 
 
»Most 
participants 
had one or 
more PrUs 
upon entry into 
the study and 
were 
hospitalized 
for care of the 
PUs. 
 
»Eleven of the 
study 
participants 
had 14 PUs 
that developed 
during the 
study period. 
Of these 
ulcers, seven 
were stage I, 
three were 
stage II, two 
were stage III, 
and two were 
stage IV. 
Preliminary results 
of using SEM to 
detect early PU 
damage may 
translate from 
nursing home 
residents to 
persons with SCI. 
This study 
provides a 
foundation for a 
larger study to 
implement and 
assess SEM use 
as a method of 
prevention of 
PrUs. 
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graduate - 6 
(18.75%) 
Some college 
- 9 (28.13%) 
College 
graduate - 4 
(12.50%) 
Graduate 
school - 3 
(9.38%) 
Unknown - 10 
(31.25%) 
 
Duration of 
injury in years 
(n = 23): 26.59 
(13.94, 0.17–
59.47) 
 
Etiology: 
Motor vehicle -
12 (37.50%) 
Fall 2 (6.25%) 
Gunshot 
wound - 1 
(3.13%) 
Other acts of 
violence - 1 
damage present, 
erythema/stage I PU or 
stage II + PU. 
Erythema/stage I PU 
was determined by 
visible erythema that 
was moderate (bright 
red in lightly pigmented 
skin and discolored with 
blue/gray or deepening 
of normal ethnic skin 
color in darkly 
pigmented skin) to 
severe (dark red in 
lightly pigmented skin 
and purple in darkly 
pigmented skin) and/or 
non-blanchable. Stage II 
or greater PUs were 
classified using the 
NPUAP. 
 
Medical record review 
and Salzberg risk 
assessment for PUs 
were collected monthly 
by research staff. For 
those who developed a 
PU, we obtained wound 
assessment data and 
photos from their 
electronic medical 
records. 
 
»66 cases of 
visible 
erythema/stag
e I PU 
developed on 
22 participants 
during the 
course of the 
study. The 
erythema/stag
e I PUs 
developed on 
the following 
anatomic 
locations: 
sacral 
(frequency = 
7), buttocks (n 
= 17), ischium 
(n = 15), 
trochanters 
(n= 6), and 
heels (n= 21). 
 
»SEM was 
lowest for 
normal skin 
(41 dermal 
phase units 
[DPU], SD 10) 
and higher for 
erythema/stag
e I PUs (42 
DPU, SD 11) 
across all 
anatomic 
sites. 
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(3.13%) 
Other - 7 
(21.88%) 
Unknown - 9 
(28.13%) 
 
Level of injury: 
Cervical - 22 
(68.75%) 
Lumbar - 1 
(3.13%) 
Thoracic - 7 
(21.88%) 
Unknown - 2 
(6.25%) 
 
ASIA: 
A - 3 (9.38%) 
B - 1 (3.13%) 
C - 2 (6.25%) 
D - 4 (12.50%) 
Not available -
22 (68.75%) 
 
 
»Ischial and 
buttocks SEM 
differentiated 
between 
normal skin 
(mean 41.7–
42.5 DPU) and 
erythema/stag
e I PUs (mean 
44.9–48 DPU). 
 
»New PUs 
were least 
likely to occur 
on patients’ 
buttocks, 
trochanters, or 
ischium. The 
two locations 
with more 
frequent 
erythema/stag
e I PU 
occurrences, 
the sacrum 
and heels, 
demonstrate a 
linear 
relationship 
with SEM 
values 
increasing as 
skin damage 
increases. 
 
»SEM taken at 
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Regular care 
assistance: 
Spouse care - 
9 (28.13%) 
Paid attendant 
- 17 (53.13%) 
Partner/signific
ant other - 1 
(3.13%) 
Other relative - 
4 (12.50%) 
 
PrU history: 
Number of 
prior ulcers 
(n = 29): 2.14 
(2.66, 0–10) 
 
Current ulcers: 
No current 
ulcers: 17 
(53.13%) 
One current 
ulcer: 13 
(40.63%) 
Two current 
ulcers: 1 
heel locations 
was lower 
across all skin 
conditions 
(normal skin 
30 DPU; 
erythema/stag
e I PUs 33 
DPU). 
 
»SEM values 
taken over 
scar tissue 
(previously 
healed PUs) 
were 
somewhat 
lower than 
without scar 
tissue. 
 
»Feasibility/sat
isfaction with 
use: One 
participant 
with SCI and 
two caregivers 
participated in 
using the DPM 
for 1 week. 
This was 
followed by an 
interview to 
assess the 
ease of use 
and 
practicality for 
self-use. After 
254 
 
 
 
 
(3.13%) 
Three current 
ulcers: 1 
(3.13%) 
 
Stage of 
current ulcer: 
II - 4 (12.50%) 
III - 1 (3.13%) 
IV - 9 
(28.13%) 
Unstaged - 1 
(3.13%) 
a 1 hour in-
person 
education 
session with 
research staff, 
all three 
participants 
completed all 
daily SEM 
values from 
the nine 
anatomic 
locations for 
the 5 days. All 
three 
participants 
indicated the 
device was 
easy to use 
and no 
difficulties with 
self-use were 
encountered. 
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Appendix 14: Data Extraction Thermography 
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Authors & 
Date of 
Publication 
         
Judy et al. 
2011 
Title 
Source/ 
Journal 
Impact 
Factor 
Geographical 
Location 
Research 
Question 
Aim & Objectives Study Type Design 
Outcome 
Measures 
Improving 
the 
Detection of 
Pressure 
Ulcers (PU) 
Using the 
TMI 
ImageMed 
System 
 
Advances 
in Skin 
and 
Wound 
Care 
1.634 U.S.A 
Not mentioned. 
 
 
Evaluate a novel infrared 
imaging device coupled with 
an intelligent software 
interface that may provide a 
more objective means of 
identifying anatomical sites at 
risk for PU development as 
compared with the Braden 
Scale for Predicting Pressure 
Sore Risk. 
Quantitative 
A prospective 
repeated-
measures design 
Not mentioned 
Care 
Setting 
Inclusion/ 
Exclusion 
Criteria 
Sample 
Size 
Patient 
Characteristics 
Study 
procedures 
details 
Device Characteristics Data Analysis Results Conclusions 
 
General 
medical 
service at 
Duke 
University 
Medical 
Center 
 
 
 
Exclusion 
criteria: 
Presence 
of PU on 
admission. 
n=100 
399 
consecutiv
ely 
admitted 
participant
s were 
screened 
to obtain 
the 100 
participant
s reported 
in this 
study 
Mean age:  54.5 
years (range, 
23–92 years). 
Male: 52 men 
Female:48 
women 
Mean length of 
stay: 3.93 days 
(range, 1–18 
days) 
Images of the 
sacral and heel 
surfaces were 
obtained using 
the TMI System. 
 
Research 
nurses were 
trained on the 
use of the 
cameras and 
had to achieve 
at least a 95% 
interrater and 
intrarater 
TMI ImageMed System 
(Trillennium Medical Imaging, 
Inc [TMI], Holland, Ohio) has 3 
proprietary components of the 
system include the infrared 
camera, software, and the 
server/database. The camera 
is the most recognizable 
component of the system and, 
in a sense, the most important. 
The camera takes 2 separate 
images. It captures 76.800 
temperature readings, with a 
0.06°C accuracy, and then 
generates a thermal image by 
assigning coloured pixels to a 
specific temperature range. A 
Statistical 
Methods:Data  
were analyzed 
using SAS 
version 9.1 (SAS 
Institute Inc, 
Cary, North 
Carolina). 
Descriptive 
statistics were 
used to describe 
the participants. 
The authors also 
analysed 
frequencies for 
categorical 
variables and 
»5 of 100 
participants 
developed PUs (2 
being at Stage II 
and 3 being at 
Stage I), predited 
by the infrared 
imaging device. 
 
»The infrared 
imaging device 
also predicted the 
anatomical 
location where the 
ulcer would 
Infrared 
imaging using 
intelligent 
software may 
become a 
promising, 
objective 
method for 
identifying 
incipient PUs 
and provide 
clinicians 
with specific 
anatomical 
locations for 
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reliability before 
they were 
allowed to 
collect scans. 
 
Both interrater 
and intrarater 
reliability 
testings were 
conducted every 
3 months on the 
research nurses 
to decrease data 
collection drift. 
All participants 
were positioned 
in the lateral 
decubitus 
position for 
imaging and 
allowed to rest in 
this position for 
3 minutes to 
compensate for 
potential 
reactive 
hyperemia, 
which may lead 
to false-positive 
results. The 
research nurses 
were instructed 
to use the 
infrared camera 
cross hair to 
determine the 
center of the 
bony 
prominence for 
visual light, or digital image, is 
captured by a visual light 
camera that is included in the 
device. Without the camera, 
TMI is unable to capture 
temperature data and image 
sets and generate the actual 
thermal image. TMI Systems 
provide the latest in FPA 
microbolometer technology 
and ensure the highest-quality, 
guaranteed class A detectors 
in imaging systems. TMI 
Systems demonstrate 
consistent and repeatable 
‘‘black-body’’ accuracy: the 
key of infrared temperature 
evaluation. 
means and SDs 
for Braden Scale 
scores between 
unit nurses and 
the research 
nurses. 
 
Thermographic 
Data:For each 
assessment of a 
participant, an 
8x8 matrix of 
temperature 
readings was 
produced. These 
data were 
brought into 
SAS. The 
minimum, 
maximum, 75th 
quartile, median, 
and mean were 
calculated for 
each sample. 
The authors 
defined that a 
temperature 
differential of 
1.5- C in the 
matrix of greater 
than the 
surrounding 
tissue was 
indicative of 
increased risk of 
a PU. To 
determine a 1.5- 
C differential, 
the authors 
compared 3 
develop.  
 
»The Braden 
Scale correctly 
identified 3 of 5 
participants who 
developed PUs. 
 
»It was also 
determined that a 
temperature 
variance of 1.5°C 
was able to 
accurately predict 
PrU development. 
 
»Imaging, using 
the 3 different 
algorithms, 
identified a 
substantial portion 
(22%–39%) of the 
authors’ 
participant 
population as 
being at high risk 
for a PU. 
 
»The first method 
is using the 
difference 
between the 
maximum and the 
minimum 
increased 
preventive 
interventions. 
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heels and 
sacrum. This 
step in the 
protocol ensured 
an increased 
level of accuracy 
during data 
collection. Only 
1 reading of the 
skin temperature 
was obtained 
each day. A 
single image for 
each point of 
interest was 
taken during 
each imaging 
session. 
 
Each 64-
temperature 
matrix scan 
representing a 
3x3-inch area 
overlying the 
bony 
prominences 
was selected for 
analyses.  
Participants with 
patterns of injury 
(defined as a 
difference of 1.5- 
C between 
adjacent skin 
areas) were 
assigned to the 
scan high-risk 
group, whereas 
different 
calculations. The 
first calculation 
was to make the 
maximum 
temperature 
reading minus 
the minimum 
temperature 
reading in the 
8x8 matrix and 
dichotomize it at 
the 1.5°C cutoff 
to low risk (0) 
and high risk (1). 
The second 
calculation was 
to subtract the 
minimum 
temperature 
reading from the 
75th quartile and 
dichotomize to 
low- and high-
risk using the 
1.5°C cutoff, and 
the third method 
was to take the 
mean 
temperature 
minus the 
minimum 
temperature and 
dichotomize as 
described 
above. This 
dichotomous 
coding 
corresponds to 
the low risk 
(>16) and high 
risk (<16) used 
in the Braden 
temperature of the 
8x8 matrix. The 
second method 
uses the 75th 
percentile 
temperature value 
minus the 
minimum 
temperature, and 
the third method 
uses the mean 
temperature minus 
the minimum 
temperature. 
Using the first 
method, 39% of 
observations 
would be 
considered at risk 
for developing a 
PU, whereas 28% 
and 22% would be 
identified as at risk 
using the latter 2 
methods, 
respectively. 
 
»The mean and 
median Braden 
scores for unit and 
research nurses, 
based on first 
observations, 
follow-up 
observations, and 
all observations 
combined. The 
mean score is 
lower among 
research nurses 
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those without 
temperature 
differences were 
assigned to the 
scan low risk 
group. 
 
A ‘‘pattern of 
injury’’ was 
determined to be 
any temperature 
reading that had 
a 1.5- C 
variance within 
the 3x3-inch 
target area. 
 
Braden Scale 
risk assessment 
was performed 
by a team of 
research nurses 
who had 
received 
extensive 
training in 
completing the 
risk assessment 
tool.  The 
Braden Scale 
score for each 
participant was 
also recorded by 
unit nurses on 
admission as 
per the existing 
unit policy and 
collected by the 
Scale. 
 
Analysis of 
Braden Scale 
Score: To 
assess 
differences in 
the Braden 
Scale 
administered by 
unit nurses and 
research nurses, 
the authors used 
mixed modeling 
to model 
differences 
between Braden 
Scale raters 
over time, using 
the Braden 
Scale as a 
continuous 
variable. The 
authors also 
dichotomized 
the Braden 
Scale by low risk 
(>16) and high 
risk (e16) and 
used 
generalized 
estimating 
equations to 
look at 
differences in 
Braden Scale 
scores between 
unit and 
research nurses. 
compared with unit 
nurses. 
 
»Based on results 
from the mixed 
model, there was 
a significant group 
effect (F = 12.21, 
P = .0006). There 
was neither time 
effect (F = .99, P = 
.54) nor rater 
effect by time 
effect (F = 1.10, P 
= .23). Thus, unit 
nurse raters 
consistently 
assigned higher 
Braden Scale 
scores as 
compared with 
research nurses. 
There was no 
difference over 
time on Braden 
scores, and 
Braden scores did 
not differ over time 
differently by rater. 
 
»The authors 
categorized the 
Braden Scale 
scores into high 
and low risk as 
well. Interrater 
reliability between 
unit nurses and 
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study nurses 
after completing 
their 
independent 
assessment. 
Participants with 
Braden Scale 
scores of 16 or 
less were 
assigned to the 
Braden Scale 
high-risk group, 
and participants 
with Braden 
Scale scores of 
greater than 16 
were assigned 
to the Braden 
Scale low-risk 
group. 
 
Analysis of 
Braden Scale 
Scores and 
Thermographic 
Scores: To 
examine the 
differences over 
time among the 
scores of the 
Braden Scale as 
compared with 
the infrared 
imaging scores, 
the authors 
dichotomized 
both the Braden 
Scale variable 
and the infrared 
imaging 
temperature 
change into low- 
and high-risk 
groups as 
previously 
described. The 
authors modeled 
the data using 
both generalized 
estimating 
equations and 
mixed modeling 
for non-normal 
data. Compound 
symmetry was 
used as the 
covariance 
structure for the 
categorical 
mixed models. 
research nurses 
was poor. In 
examining data 
from the first 
observations only, 
there was 42% 
agreement (ƙ= 
0.42). If all 
observations are 
used, the 
agreement 
decreases (ƙ= 
0.40); however, 
this value does not 
account for 
multiple measures 
on the same 
subject (intra-
participant 
correlation). 
Comparing unit 
nurses, research 
nurses, and image 
set data, the 
image set data 
were more likely to 
classify an 
observation as 
high risk for a PU 
compared with 
either the unit 
nurse or research 
nurse assessment 
using the Braden 
Scale score. 
 
»The odds of the 
image sets (using 
upper quartile and 
mean minus max 
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Modeling: These 
data are 
dependent on 
several levels. 
There are 
multiple 
measurements 
on participants 
over time, 
multiple 
measurements 
on participants 
by body site, 
and multiple 
readings on 
participants 
(nurse, research 
nurses, and 
thermographic 
data). To 
account for this 
dependence, it 
requires models 
that can account 
for the intra-
participant 
correlation. Two 
different 
modeling 
techniques were 
used to assess 
group and time 
differences. 
General 
estimating 
equations use 
robust SEs and 
an independent 
covariance 
matrix to 
algorithms) 
classifying an 
observation as 
high risk 
compared with 
nurses using the 
Braden Scale 
participants noted 
to be at low risk by 
imaging were also 
noted to be at low 
risk by both 
groups of nurses. 
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account for 
dependence 
(repeated 
measurements 
on each person). 
The second 
method was 
using a mixed 
model for non-
normal data that 
can handle 
repeated 
measures of a 
dichotomous 
outcome in a 
random and 
fixed-effects 
context. By 
using a random 
intercept, the 
within-participant 
correlation can 
be accounted for 
to obtain more 
appropriate 
parameter 
estimates. 
Generalized 
estimating 
equations and 
mixed modeling 
for non-normal 
data provided 
similar results, 
leading to 
identical 
conclusions. 
 
Calculating 
Odds Ratios: 
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The model is 
ulcer = rater 
time rater   time, 
where ulcer is 
defined as a 0, 1 
of low or high 
risk of an ulcer, 
rater is the type 
of rater (nurse, 
research nurses, 
and image set), 
and time is time. 
There are 
several 
measurements 
per person 
(multiple 
observations 
and multiple 
time points). The 
results are a 
summary of the 
odds ratio 
across all time 
points. The odds 
(estimation of 
probability) of 
infrared imaging 
are 6.8 times 
more likely to 
come up with a 
‘‘high-risk’’ 
interpretation of 
getting a PU 
compared with 
the unit nurse. 
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Appendix 15: Data Extraction Ultrasound 
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Authors & 
Date of 
Publication 
         
Quintavalle et 
al. 
2006 
Title 
Source/ 
Journal 
Impact 
Factor 
Geographical 
Location 
Research Question Aim & Objectives Study Type Design 
Outcome 
Measures 
Use of High-
Resolution, 
High-Frequency 
Diagnostic 
Ultrasound to 
Investigate the 
Pathogenesis of 
Pressure Ulcer 
Development 
Advances in 
Skin and 
Wound Care 
1.634 U.S.A 
 
Not clearly mentioned. 
 
 
To investigate the 
pathogenesis of 
pressure ulcers 
utilizing high-
resolution ultrasound 
and to explore the 
utility of this 
technology for the 
detection of incipient 
pressure ulcers prior 
to visual clinical signs. 
Quantitative 
Observational 
prospective 
comparative 
study 
Not 
mentioned 
Care Setting 
Inclusion/ 
Exclusion 
Criteria 
Sample 
Size 
Patient 
Characteristi
cs 
Study procedures 
details 
Device 
Characteristics 
Data Analysis Results 
Conclusion
s 
Medical centre 
and Long-term-
care facility 
Not 
mentioned 
n=119 
(study 
group) 
 
n=15 
(control 
group) 
Not mentioned 
Images were first 
obtained from common 
PU sites, including 
scans of the heels (3 
sites on each heel), the 
sacrum (2 scans), and 
the ischial tuberosity (2 
scans) of 15 healthy 
volunteers (medical 
students and medical 
residents) to provide 
standardization of the 
system settings. 
 
The ultrasound gain 
The Longport Digital 
Scanner (EPISCAN I-
200; Glen Mills, 
PA) is a portable 20-
MHz frequency 
system specifically 
developed to examine 
the skin and 
underlying soft tissue 
with 65-micron 
resolution. 
 
The EPISCAN I-200 
consists of 4 main 
Interrater reliability 
for image 
interpretation was 
assessed to be 
97%. The 
assessment was 
done using 3 
individuals’ 
independent 
interpretation of 
the same images. 
Image 
interpretation 
focused on the 
identification of 
differences 
between the 
»Two hundred 
readable images 
were obtained 
from 15 healthy 
volunteers and 
1139 readable 
images were 
obtained from 
119 long term-
care residents. 
 
»Images 
obtained from 
the control group 
showed a 
High-
resolution 
ultrasound is 
an effective 
tool for the 
investigation 
of skin and 
soft tissue 
changes 
consistent 
with the 
documented 
pathogenesi
s of 
pressure 
ulcers. A 
progressive 
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(amplification), depth, 
and time/gain 
compensation were 
standardized for each 
anatomic site to ensure 
consistent results. 
These images served as 
the controls, which were 
used for comparison 
with images from the 
study group. 
 
These residents had 
Braden Scale scores of 
18 or less, which 
indicated that they were 
at risk for the 
development of PrUs. 
Similar to the control 
group, images were 
obtained from the heels, 
the sacrum, and the 
ischial tuberosity of 
subjects in the study 
group. The number of 
scans per patient varied 
according to the nurses’ 
assessment. Anatomic 
sites assessed as being 
at risk were scanned 
and ultrasound images 
were captures. 
 
Protocols specified 
probe placement, patient 
position, and ultrasound 
settings. The anatomic 
site, the date and time of 
elements: an 
ultrasound probe, a 
custom-designed 
proprietary ultrasound 
analogue-to digital 
converter board, a 
portable computer, 
and operating 
software. 
 
The system displays 
the information 
obtained in the form of 
a B-scan as either a 
colour or grey-scale 
image. The procedure 
for scanning and 
capturing images 
consists of placing the 
probe and ultrasound 
gel over the site of 
interest and capturing 
an image at 
prescribed settings. 
 
The EPISCAN I-200 
was specifically 
chosen for its degree 
of resolution, or image 
clarity, in concert with 
its depth of 
penetration. Twenty 
megahertz ultrasound 
will produce images 
with high resolution to 
a depth of 2 cm. 
images obtained 
from the control 
group and the 
study group. 
 
The scans were 
reviewed and 
interpreted by the 
principal 
investigator after 
coding so that 
they could be 
assessed in blind 
fashion. 
 
The images were 
classified in 5 
categories: 
- normal, no 
evidence of 
oedema 
- subdermal 
pockets of 
oedema 
- subdermal and 
dermal fluid 
(oedema) 
- subdermal and 
dermal oedema, 
with pooling of 
fluid immediately 
under an intact 
epidermis (i.e., 
sub epidermal 
homogeneous 
pattern of 
ultrasound 
reflections with 
clear 
demarcations 
between the 
epidermis and 
dermis, the 
dermis and the 
subdermal 
tissue, and the 
soft tissue and 
the bone. 
 
»Images 
obtained from 
the study group 
differed in that 
many did not 
always have a 
homogeneous 
pattern of 
reflections, but 
instead had 
areas of low 
reflections. 
 
»The 1139 
readable images 
obtained from 
the 119 
residents were 
interpreted 
without 
consideration for 
Braden  Scale 
score and 
process for 
pressure 
ulcer 
development 
from deep 
subdermal 
layers to 
superficial 
dermal then 
epidermal 
layers can 
be inferred. 
Dermal 
oedema was 
only present 
with 
subdermal 
oedema. In 
other words, 
there was 
never 
evidence of 
dermal 
oedema in 
the absence 
of 
subdermal 
oedema. A 
better 
understandi
ng of the 
pathogenesi
s of 
pressure 
ulcers 
through the 
use of high-
resolution 
ultrasound 
to detect soft 
tissue 
damage and 
oedema 
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the scan, and any 
outward clinical signs 
were recorded. Four 
registered nurses who 
were certified wound 
specialists were trained 
to perform the scanning 
and obtain images. 
oedema) 
- subepidermal 
oedema in the 
absence of dermal 
and subdermal 
oedema. 
clinical 
assessment 
findings 
 
»630 (55.3%) 
images were 
found to have 
ultrasound 
patterns 
consistent with 
abnormal skin 
and soft tissue. 
 
»509 (44.7%) 
images that 
demonstrated a 
pattern 
consistent with 
normal skin and 
soft tissue. 
 
»Images with 
abnormal skin 
and soft tissue 
demonstrated 2 
distinct 
abnormal 
ultrasound 
patterns: 
-Pattern 1: Deep 
areas of weak 
reflection that 
appear to 
progress from a 
deep subdermal 
before 
visible 
clinical signs 
could lead to 
earlier and 
more 
focused 
pressure 
ulcer 
prevention 
programs, 
resulting in 
reduced 
pain and 
suffering for 
improved 
patient 
quality of life 
and wound 
care cost 
savings. 
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area to a 
superficial 
dermal area 
(541 images, 
47.5%). 
-Pattern 2: A 
superficial layer 
of weak 
reflection directly 
below the intact 
epidermis (89 
images, 7.8%). 
(weak reflective 
patterns in high 
resolution 
ultrasound 
images indicate 
increased fluid 
content or 
oedema in the 
tissue) 
 
»Images 
obtained from 
the study group 
that 
demonstrated 
deeper areas of 
weak reflection 
were divided into 
3 subgroups 
based on the 
extent and 
location of the 
weak 
reflective 
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pattern: 
-The first 
subgroup (91 
images, 16.8%) 
demonstrated 
pockets of weak 
reflections in the 
tissue between 
the bone and the 
dermal layer. 
The ultrasound 
pattern for this 
was normal in 
the dermal layer, 
the 
subepidermal 
layer, and the 
intact epidermis; 
-The second 
subgroup (177 
images, 32.7%) 
showed more 
areas of weak 
reflection in the 
subdermal 
tissue, with 
progression into 
the dermal layer. 
In this group, 
strips of weak 
reflections 
extended 
outward from the 
pockets of weak 
reflection into 
the more 
superficial 
tissue. 
-The third 
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subgroup (273 
images, 50.5%) 
showed 
significantly 
decreasing 
reflections in the 
subdermal and 
dermal layers 
and a distinct 
layer of weak 
reflection directly 
under the intact 
epidermis. In the 
third subgroup, 
there also was 
the consistent 
presence of a 
very weak 
reflective pattern 
in the deep 
tissue, possibly 
suggesting that 
the dermal and 
subepidermal 
changes 
occurred only 
after there was 
overt change in 
the subdermal 
tissue. 
 
»Participants 
documented as 
having a visual 
clinical sign for 
erythema, 2 
(less than 1%) of 
the 509 normal 
images showed 
erythema; 74 
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(11.7%) of the 
images with 
abnormal 
ultrasound 
findings had 
documented 
visual clinical 
signs for 
erythema. Of 
these, 17 
(23.0%) had 
ultrasound 
findings in 
subgroups 1 and 
2; whereas, 57 
(77.0%) had 
subgroup 3 
changes. This 
indicates that 
many PUs are 
forming prior to 
observable 
erythema, and 
the further the 
progression of 
the ulcer, the 
more likely it is 
that erythema 
will be observed. 
 
»Images 
reflecting pattern 
2, superficial 
(subepidermal 
only) oedema, 
the clinical sign 
of erythema was 
often 
documented. 
60.0% (53) of 
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the images that 
showed 
superficial 
ultrasound 
changes also 
had erythema 
documented for 
that anatomic 
site. 
Kanno et al. 
2009 
Title 
Source/ 
Journal 
Impact 
Factor 
Geographical 
Location 
Research Question Aim & Objectives Study Type Design 
Outcome 
Measures 
 
Low-echoic 
lesions 
underneath the 
skin in subjects 
with spinal-cord 
injury. 
 
 
Spinal Cord 1.699 Japan Not mentioned 
Determine the 
formation pattern of 
pressure ulcers in 
patients with SCI by 
visual inspection, 
palpation and high 
resolution 
B-mode 
ultrasonography. 
 
Assumptions in this 
study were that 
increased fluid content 
would be readily 
detectable as hypo-
echogenic area on 
ultrasonography, and 
that high-frequency 
ultrasound can identify 
the presence of 
dermal oedema and 
the skin architectural 
structure. Thus, 
ultrasonography can 
detect deep tissue 
Quantitative 
Criterion 
standard 
and survey 
cases 
Not 
mentioned 
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injury and deep tissue 
necrosis as hypo-
echogenic area. The 
study also assessed 
the utility of 
ultrasonography for 
detecting deep tissue 
injuries or incipient 
pressure ulcers prior 
to the appearance of 
clinical signs. 
Care Setting 
Inclusion/ 
Exclusion 
Criteria 
Sample 
Size 
Patient 
Characteristi
cs 
Study procedures 
details 
Device 
Characteristics 
Data Analysis Results 
Conclusion
s 
 
Ambulatory 
setting at public 
hospital. 
 
 
 
 
 
 
 
 
 
Not 
mentioned 
n=43 
Age range, y: 
≤30: 6 
31–40: 13 
41–50: 9 
51–60: 14 
˃60: 1 
 
 
Age (years): 
43 
Age (years) 
(mean ± SD): 
42.6±11.6 
While in prone position, 
each subject underwent 
pressure ulcer 
examination by the 
following procedures: 
First, one examiner 
carefully inspected the 
skin of the sacral and 
bilateral ischial regions 
for the presence of 
redness, purple or 
maroon localized area, 
swelling and/or 
epidermal fresh wounds 
excluding old scar(s) 
and pigmentation due to 
old wound(s); on 
inspection, the patient 
was reported pressure 
ulcer positive or 
pressure ulcer negative.  
 
Second, the other 
LOGIQ 500, GE, 
Tokyo, Japan, 10-MHz 
transducer of an 
ultrasound scanner. 
Data were 
expressed as 
mean ± sd. 
Analysis of 
variance was used 
to determine 
differences 
between groups. 
The post hoc 
Scheffe’s test was 
used. A P=˂0.05 
was considered 
statistically 
significant. 
»»Results of 
inspection, 
palpation and 
ultrasonography 
                       
»Results of 
combination of 
three types of 
examinations:                           
 
Inspection - 
Lesion positive 
n= 2    
                                                      
Inspection/Palpa
tion/Ultrasound - 
normal/normal/n
ormal: n= 112 
                     
Lesion negative 
Results 
indicated 
that low-
echoic 
lesions, 
signalling 
deep tissue 
injuries or 
early 
pressure
ulcers, 
originated in 
areas near 
the bone 
and 
extended 
toward the 
epidermis.  
 
The results 
suggest that 
ultrasonogra
phy is a 
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Body height 
(cm) (mean ± 
SD): 
169.2±5.7 
 
Body weight 
(kg) (mean ± 
SD): 61.1±9.0 
 
Body mass 
index (kg/m2) 
(mean ± SD): 
21.3±2.9 
 
Level of 
neurological 
injury (n): 
Cervical 
complete - 7  
Cervical 
incomplete - 4 
Thoracic 
complete - 27 
Thoracic 
incomplete - 1 
Lumber 
complete - 3 
examiner palpated the 
same regions to detect 
local heat or free-floating 
sensation, and reported 
that the patient as 
pressure ulcer positive 
or pressure ulcer 
negative. Finally, the 
sacrum and bilateral 
ischial tuberosities were 
imaged by high-
frequency 
ultrasonography using a 
linear array,  10-MHz 
transducer of an 
ultrasound scanner 
(LOGIQ 500, 
GE, Tokyo, Japan).  
 
Three different aspects 
were scanned to detect 
both low- and high-
echoic lesions on B-
mode imaging from the 
skin to the bone by one 
ultra-sonographer. The 
examined parts were 
classified as positive or 
negative for pressure 
ulcer on ultrasonography 
by another physician 
blinded to the inspection 
and palpation findings. 
The longitudinal 
diameter, lateral 
diameter and depth 
(from skin to the upper 
border) of each detected 
n= 127                                                     
Inspection/Palpa
tion/Ultrasound - 
normal/normal/lo
w-echoic lesion: 
n= 9 
                                                                                                              
Inspection/Palpa
tion/Ultrasound - 
normal/free-
floating 
sensation/low-
echoic lesion: n= 
6 
Palpation - 
Lesion positive 
n= 8                                                          
Inspection/Palpa
tion/Ultrasound - 
redness, 
wound/free-
floating 
sensation/low-
echoic lesion: n= 
2 
                    
Lesion negative 
n= 121 
 
Ultrasonography 
- Lesion positive 
n= 17 
                                
Lesion negative 
n= 112 
useful tool
for the early 
detection of 
deep tissue 
injuries or 
pressure 
ulcers. 
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Lumber 
incomplete – 1 
 
Number of 
patients with 
history of 
pressure ulcer 
- 31 
lesion were measured.  
»Inspection 
identified the 
lowest number 
of lesions, 
whereas 
ultrasound 
examination 
detected the 
highest number. 
 
»112 areas were 
lesion negative 
by all 
examinations. 
 
»Inspection 
examination 
identified two 
areas showing 
redness or 
wounding that 
also 
demonstrated a 
free-floating 
sensation and 
low-echoic 
lesions, whereas 
six areas with 
free-floating 
sensation, but 
no redness or 
wounding, 
showed low-
echoic lesions. 
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»These results 
indicate that 
redness of the 
skin, wounds, or 
free-floating 
sensations are 
likely to be 
associated with 
low-echoic 
lesions under 
the skin. 
 
»Normal areas 
showed a 
homogeneous 
pattern of 
ultrasound 
reflections from 
the epidermis to 
the bone with a 
clear muscle 
layer, echoic 
lesions were 
heterogeneous. 
 
»The diameters 
of the two echoic 
lesions 
associated with 
redness or 
wound could not 
be measured 
precisely, as the 
diameters were 
larger than the 
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probe. 
 
»The mean 
diameter of the 
lesions detected 
only on 
ultrasound 
imaging was not 
significantly 
smaller than that 
of ulcers 
detected by both 
palpation and 
ultrasonography. 
Low-echoic 
lesions observed 
only on 
ultrasound 
imaging were 
significantly 
deeper than 
those detected 
by both 
palpation and 
ultrasound 
studies, and all 
such lesions 
were directly 
adjacent to the 
bone. Eleven 
(64.7%) of the 
17 low-echoic 
lesions 
contained a 
high-echoic 
area.  
Deprez et al. 
2011 
Title Source/ 
Impact 
Factor 
Geographical 
Location 
Research Question Aim & Objectives Study Type Design 
Outcome 
Measures 
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Journal 
On the potential 
of ultrasound 
elastography for 
pressure ulcer 
early detection. 
Medical 
Physics 
3.208 Canada Not mentioned 
Investigating the 
potential of quasistatic 
ultrasound 
elastography for 
pressure ulcer early 
detection. 
Quantitative Not mentioned 
Not 
mentioned 
Care Setting 
Inclusion/E
xclusion 
Criteria 
Sample 
Size 
Patient 
Characteristi
cs 
Study procedures 
details 
Device 
Characteristics 
Data Analysis Results 
Conclusion
s 
Not applicable 
Not 
mentioned 
Not 
applicable 
Not applicable 
 
The authors 
“used” in their 
study a 18-
week-old male 
rat from the 
Brown Norway 
breed and 
weighed 265 
g.   
In vivo acquisitions on 
an experimental rat 
model were performed. 
It was first anesthetized 
by inhalation of 2.5% 
isofluorane, the hair of 
the hind limb was 
carefully shaved, and 
the animal was then 
immobilized. Its body 
temperature was 
monitored with a rectal 
probe (Thermalert TH-5, 
Physitemp Instruments, 
Clifton, USA) and 
maintained at 37 ± 1°C 
with a heating surface. A 
first set of RF US data 
was acquired, in a view 
to compute elastograms. 
A 35 kPa pressure was 
then applied on the thigh 
of the animal during 60 
min to generate a 
pressure ulcer. A 
second set of RF US 
data was acquired after 
the 60 min compression. 
Once the experiments 
Ultrasound data were 
acquired with a Visual 
Sonics Vevo 660 
device (Visual Sonics 
Inc., Toronto, 
Canada), equipped 
with a 35 MHz probe 
dedicated to small 
animal studies. 
Not mentioned 
»The initial 
elastogram 
appears 
homogeneous. 
»Only the area 
immediately 
above the bone 
exhibits a 
slightly higher 
strain. As a 
comparison, the 
same area on 
the second 
elastogram (i.e., 
after 60 min 
compression) 
behaved 
differently, with a 
deformation 
smaller than the 
surrounding 
tissues. A sharp 
evolution of the 
strain along 
depth is also 
visible for the 
whole image: 
Shallow tissues 
seem to exhibit 
Experiments 
demonstrate
d that 
ultrasound 
elastography 
is a 
promising 
technique 
for pressure 
ulcer 
detection, 
especially at 
an early 
stage of the 
pathology, 
when the 
disease is 
still visually 
undetectable
. 
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were completed, the 
animal was euthanized 
by inhalation of CO2. 
Ultrasound data were 
acquired with the same 
settings of the scanner 
and were processed to 
compute elastograms 
before the application of 
the compression and 
after the 60 min 
compression. The 
compression tool was a 
wooden stick, whose 
end was a 2-cm-in-
diameter disk in contact 
with the skin of the 
animal. 
higher strains 
compared to the 
tissues near the 
bone. This 
evolution tends 
to show that the 
tissue area over 
the bone 
became stiffer, 
which could be 
the indication of 
an emerging 
pressure ulcer. 
 
»Before the 
compression 
was applied 
(t=0), the strain 
was almost the 
same for both 
regions (0.48% 
for the top 
region -of-
interest (ROI) 
and 0.47% for 
the bottom ROI). 
On the other 
hand, mean 
strains were 
significantly 
different after 
the compression 
of 60 min: While 
the mean strain 
for the top ROI 
was 0.50%, that 
for the bottom 
ROI dropped to 
0.13%. 
280 
 
 
»The large 
decrease in 
strain near the 
bone might be 
due to tissue 
stiffening in this 
region. This 
observation 
allows to 
assume that the 
area near the 
bone was 
pathological, 
corresponding to 
the presence of 
a pressure ulcer 
or, at least, 
corresponding to 
tissues that 
underwent a 
degradation 
such that they 
were 
significantly 
stiffer than 
healthy tissues. 
Helvig and 
Nichols 
2012 
Title 
Source/ 
Journal 
Impact 
Factor 
Geographical 
Location 
Research Question Aim & Objectives Study Type Design 
Outcome 
Measures 
Use of High-
Frequency 
Ultrasound 
(HFU) to Detect 
Heel Pressure 
Injury in Elders 
 
Journal of 
Wound, 
Ostomy 
and 
Continence 
Nursing 
1.000 U.S.A 
What is the prevalence 
of clinically detectable 
heel PUs in an inpatient 
population of geriatric 
medical patients, with a 
Braden Scale score of 
10 to 17, who have been 
hospitalized 28 days or 
 
 
To examine the 
usefulness of HFU to 
detect heel pressure 
injury in geriatric 
medical patients, to 
Quantitative 
Prospective, 
descriptive, 
observational 
study 
Not 
mentioned 
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less? 
 
What is the prevalence 
of heel injuries 
detectable by HFU but 
without clinical signs of 
pressure injury in a 
subset of this 
population? 
 
Does HFU predict the 
development of clinically 
undetectable to clinically 
detectable PU over a 2- 
to 7-day period; and is 
there a relationship 
between demographic 
information such as 
Braden Scale score and 
the HFU findings? 
compare the 
prevalence rates of 
visualized pressure 
ulcers with the 
prevalence of hidden 
injury, and to 
determine whether 
HFU could assist in 
predicting the 
development of heel 
pressure injury. 
Care Setting 
Inclusion/E
xclusion 
Criteria 
Sample 
Size 
Patient 
Characteristi
cs 
Study procedures 
details 
Device 
Characteristics 
Data Analysis Results 
Conclusion
s 
 
 
528-bed Urban 
Hospital 
 
 
Inclusion 
Criteria: 
included 
medical 
patients 65 
years or 
older, with a 
Braden 
Scale score 
of 10 to 17. 
Subjects 
had at least 
one heel 
n=99 
 
n=1 
dropped 
from data 
analysis 
Age, y M (SD): 
79.15 (7.98) 
Age, y range: 
65-97 
Gender 
Male n (%): 44 
(44.4) 
Female n 
Aggregate prevalence 
rate for heel PUs was 
calculated for this whole 
group of 520 patients, in 
addition to the research 
subset of this 
population. 
 
The chart was reviewed 
for history, comorbid 
conditions, and pertinent 
The Longport 
EPISCAN HFU 
scanner was used to 
create ultrasonic 
images (EPISCAN; 
Longport, Inc, Glenn 
Mills, Pennsylvania). A 
water-soluble gel 
between the skin and 
transducer improved 
sound conduction. 
The Statistical 
Package for Social 
Sciences for 
Windows, Version 
14.0 (SPSS, 
Chicago, Illinois), 
was used for data 
analysis. 
Statistical 
significance was 
detected using an 
alpha level of .05. 
Correlational 
»Prevalence 
rate of visible 
heel pressure 
ulcers was 7.3% 
for 520 patients 
who met 
inclusion criteria. 
 
»One hundred 
thirty subjects 
participated in 
High-
frequency 
ultrasound 
detected 
occult injury 
more than 
visual 
assessment, 
but scans 
are not easy 
to interpret 
in heels due 
to calluses 
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 free of 
pressure 
injury and 
had been 
admitted to 
the hospital 
within the 
previous 28 
days. 
 
Exclusion 
criteria: 
Patients who 
were unable 
to 
communicat
e and who 
had no 
representati
ve available 
were 
excluded. 
(%):55 (55.6) 
Race 
White n (%):82 
(82.8) 
African-
American n 
(%): 14 (14.1) 
Hispanic n 
(%): 3 (3.0) 
 
Admitted from 
(n), (%): 
Home - 74, 
74.7 
Inpatient 
Rehabilitation 
- 4, 4.0 
Skilled 
Nursing 
Facility – 21, 
21.2 
 
Height, in: 99  
Height, in: M 
(SD) = 65.53 
(4.49) 
Height, in 
laboratory values. 
Subjects’ legs and feet 
were examined by a 
certified wound nurse 
with the patient sitting in 
bed or in a lounge chair 
with the feet elevated. 
 
Ultrasound scans were 
taken on the lateral, 
posterior, and medial 
heels that were free of 
pressure injury. 
 
Each ultrasound image 
was labelled at the time 
it was taken with the 
subject's research 
number, the date, and 
the area on the heel that 
it represented. 
 
This construct for data 
collection was carried 
out until 100 subjects 
had a minimum of 2 
consecutive ultrasound 
readings.  
 
For those who remained 
in hospital long enough, 
the repeat assessment 
was also carried out up 
procedures were 
carried out to 
determine whether 
there were 
relationships 
between scan 
values and several 
other variables, 
such as Braden 
Scale total scores 
and sub scores. A 
1-way repeated 
measures analysis 
of variance was 
conducted to 
explore whether 
there was a 
change in scan 
results in the 44 
patients who were 
visited over the 4 
time points. 
the study. One 
hundred patients 
were scanned 
twice, 82 
patients were 
assessed 3 
times, and 43 
patients were 
scanned 4 
times. One 
patient with 
“hard calloused 
heels” was 
scanned on 2 
occasions this 
subject was 
dropped from 
data analysis 
because of the 
quality of the 
scan images. 
 
»38 of 520 
patients in this 
population had 
stageable heel 
PU, revealing a 
prevalence rate 
of 7.3%. 
 
»2 patients 
developed PUs 
since admission 
into the study, 
yielding a 
prevalence rate 
of 2%. 
and other 
skin 
changes. It 
appears that 
patients 
have a 
greater 
tendency for 
pressure 
injury on the 
right heel 
than on the 
left heel and 
risk may be 
predicted by 
low 
friction/shear 
scores. 
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(range): 52-74 
 
Weight: 
in pounds 
Median =163 
70-389 
in pounds 
(range): 70-
389 
in kilograms 
Median =75 
32-177 
in kilograms 
(range): 32-
177 
 
BMI (n): 99  
BMI: Median = 
27 
BMI (range): 
12.8-60 
 
Current 
smoker (n), 
(%): 
No - 86, 87.8 
to 2 additional times, on 
the fifth and seventh 
days after the first 
assessment.  
 
When all the data 
collection had been 
completed, a nurse with 
experience in reading 
heel ultrasounds 
participated in 
interpretation. The nurse 
researcher and the 
ultrasonic imaging nurse 
expert each individually 
scored all sets of heel 
scans as normal, 
abnormal, borderline, or 
uninterpretable. 
 
Discrepancies of opinion 
were discussed until a 
consensus was reached. 
 
»Ten (10.1%) 
patients had 
normal 
ultrasound 
scans of both 
heels; 18% of 
right baseline 
scans and 18% 
of left baseline 
scans were 
normal.  
 
»The majority of 
scans were 
abnormal. 
Eighteen 
(18.2%) patients 
had abnormal 
scans of both 
heels and 23 
(23.2%) had an 
abnormal and 
borderline scan. 
 
»There was a 
statistically 
signifi cant 
Spearman rho 
correlation 
between scan 
values in the 
right and left feet 
at nearly all 
times. 
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Yes - 12, 12.2 
 
 
»HFU did not 
predict the 
development of 
clinically 
undetectable to 
clinically 
detectable PU 
over a 2- to 7-
day period. This 
was not possible 
to be verified 
because of the 
small number of 
PUs that 
developed within 
the sample 
population not 
allowing for an 
analysis such as 
logistic 
regression. A 
total of 11 
patients 
developed PUs. 
 
»A way 
repeated-
measures 
analysis of 
variance was 
conducted to 
explore the 
impact of time 
on the scan 
results. There 
was no 
statistically 
signify cant 
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difference in the 
right heel scans 
at the 4 time 
points: F = 
1.478, P = .224. 
There was no 
statistically 
significant 
difference in the 
left heel scans at 
the 4 time 
points: F = 
0.853, P = .468. 
In other words, 
the injury did not 
significantly 
improve or 
deteriorate over 
3 to 7 days. In 
this sample, this 
time period was 
not significant in 
the course of 
heel injury 
development or 
resolution. 
 
»Braden Scale 
sub scores for 
friction/shear at 
time 2 were 
proportionally 
related to 
abnormal scans 
at times 2 to 4, 
utilizing 
Spearman rho 
correlation 
coefficient. 
Braden Scale 
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sub scores for 
friction/shear at 
time 3 were 
positively related 
to abnormal 
scans at times 3 
and 4. 
Porter-
Armstrong et 
al. 
2013 
Title 
Source/ 
Journal 
Impact 
Factor 
Geographical 
Location 
Research Question Aim & Objectives Study Type Design 
Outcome 
Measures 
Do High 
Frequency 
Ultrasound 
Images Support 
Clinical Skin 
Assessment? 
 
 
 
ISRN 
Nursing 
Acceptanc
e rate of 
20%. 
U.K Not mentioned. 
Explore whether 
ultrasound images 
supported the clinical 
skin assessment in a 
cohort of vascular 
surgery hospital 
inpatients through 
identification of 
subcutaneous tissue 
damage. 
Quantitative 
Cohort Study, 
not clearly 
specified 
Not 
mentioned 
Care Setting 
Inclusion/ 
Exclusion 
Criteria 
Sample 
Size 
Patient 
Characteristi
cs 
Study procedures 
details 
Device 
Characteristics 
Data Analysis Results 
Conclusion
s 
 
Hospital 
 
 
 
Exclusion 
criteria: 
Criterion of 
existing 
pressure 
damage of 
greater than, 
or equal to, 
stage two 
pressure 
n=90 
(total) 
 
n=60 
(consente
d) 
 
11 females 
and 39 males 
with a mean 
age of 65 
years (SD 
9.66 years) 
 
Average 
weight: 82.57 
Clinical assessment was 
conducted by one of 
three tissue viability 
clinical research nurses 
using a comprehensive 
clinical research record 
Form. Baseline 
characteristics were 
recorded including a 
summary of medical 
history and a number of 
completed standardised 
Not described 
Qualitative image 
assessment as 
performed by two 
blinded raters. 
Images were 
classified into four 
distinct subgroups 
based upon 
categorisation 
used by 
Quintavalle et al.. 
» Of the 50 
participants who 
completed the 
study, 32 had 
their heels and 
sacral coccygeal 
area scanned, 
17 had heels 
only scanned, 
and one had 
only the sacral 
coccygeal area 
Ultrasound 
imaging 
offers a 
potentially 
useful 
adjunct to 
the clinical 
skin 
assessment 
in providing 
information 
about the 
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ulceration 
visible on 
the skin of 
either heels 
or sacral 
coccygeal 
area was 
applied. 
n=2 
(withdrew 
consent) 
 
n=8 
(excluded 
due to 
incomplete 
data) 
 
n=50 (final 
sample) 
kgs (SD 17.41 
kg),  
 
Average  
height: 171.74 
cms (SD 9.13 
cm) 
 
Average BMI: 
28.14 (SD 
4.38) Kg/m2. 
assessments including 
the Braden Scale for 
pressure ulcer risk, the 
Charlson index for 
comorbidities, and the 
Malnutrition Universal 
Screening Tool (MUST) 
for nutrition. 
 
Clinical skin assessment 
was conducted at 
baseline, postoperatively 
and at least every other 
day by the clinical 
research nurse until 
discharge using a 
standard skin 
assessment record 
incorporating the 
modified EPUAP 
classification scale of 
pressure ulceration. 
 
The EPISCAN I-200 
high frequency 
ultrasound scanner 
(Longport Inc, USA) was 
used to capture the 
images in this study. All 
ultrasound assessments 
were conducted by two 
trained researchers. In 
order to minimize any 
participant discomfort 
caused by repeated 
moving and handling, 
images were recorded at 
the same time as clinical 
(2006). 
 
Statistical analysis 
was performed 
using SPSS 
version 15. Data 
were found not to 
be normally 
distributed using 
the Kolmogorov-
Smirnov test. An α 
level of P ˂ 0.05 
was set a priori for 
all the analyses. 
Friedman’s tests 
were used to 
determine 
differences over 
time in the clinical 
skin assessments; 
Spearman’s rank 
order correlations 
were applied to 
determine the 
relationship 
between the 
clinical skin 
assessment and 
the qualitative 
image analysis; 
and a weighted 
Kappa statistic 
was applied to the 
qualitative image 
analysis, results to 
determine the 
interobserver 
agreement. 
scanned. 
  
» A total of 1492 
ultrasound 
images were 
assessed by the 
two raters. 
 
»No participants 
were clinically 
assessed as 
presenting with 
tissue changes 
greater than a 
stage 1b 
(nonblanching 
erythema of 
intact skin). 
 
»Two 
participants 
were clinically 
assessed as 
showing signs of 
non-blanching 
erythema (stage 
1b) on the 
marked skin 
sites on the 
coccyx one of 
whom was also 
clinically 
assessed as 
showing signs of 
a stage 1b 
pressure ulcer 
underlying 
tissue 
damage not 
seen by the 
naked eye. 
However, 
further 
longitudinal 
clinical work 
is required 
to scan “at 
risk” 
individuals 
over time to 
characterise 
the images 
yielded 
against 
manifest 
pressure 
ulcers and 
the various 
stages of 
skin 
breakdown, 
as well as 
against 
clinical skin 
assessment 
outcomes. 
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skin assessments being 
recorded by the clinical 
research nurses. Heels 
were scanned at the 
three areas of the 
greatest potential 
pressure, that is, lateral, 
posterior, and medial 
aspects as well as the 
bony prominences of the 
coccyx and right and left 
sacrum's. 
 
on the left 
sacrum at a 
single time point 
postoperatively. 
 
»Participants, 
heels were 
consistently 
clinically 
assessed as 
being either 
“normal” or 
presenting as no 
greater than a 
stage 1a 
(blanchable 
erythema of 
intact skin). 
Friedman’s tests 
revealed no 
statistically 
significant 
changes over 
time. 
 
»Clinical skin 
assessment 
identified the 
presence of non-
blanching 
erythema on the 
coccyx in two 
participants and 
on the sacrum of 
one participant, 
all ultrasound 
images of the 
coccyx and 
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sacrum for all 
participants 
were assessed 
as being 
“normal” by both 
raters. 
 
»43 participants 
were assessed 
as having at 
least one heel 
image assessed 
by both raters as 
being subgroup 
1 (pockets of 
weak reflections 
in the tissue 
between the 
bone and the 
dermal layer) 
 
»34 having at 
least one heel 
image jointly 
assessed as 
being subgroup 
2 (areas of weak 
reflection in the 
subdermal 
tissue, with 
progression into 
the dermal layer) 
 
»16 having at 
least one heel 
image jointly 
290 
 
assessed as 
being subgroup 
3 (distinct layer 
of weak 
reflection directly 
under the intact 
epidermis) 
 
»The Friedman 
test conducted 
on the entire 
data set, and on 
the subsample 
of participants 
presented with 
subgroup 3 
images, 
revealed no 
statistically 
significant 
changes over 
time. The 
weighted kappa 
statistic applied 
to the qualitative 
image 
classifications 
revealed an 
overall 
agreement of 
0.80, indicating 
a good level of 
agreement 
between the 
raters for all 
images. 
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Appendix 16: EBL Critical Appraisal Checklist Bates-Jensen et al. 
(2007) 
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Appendix 17: EBL Critical Appraisal Checklist Bates-Jensen et al. 
(2008) 
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Appendix 18: EBL Critical Appraisal Checklist Bates-Jensen et al. 
(2009) 
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Appendix 19: EBL Critical Appraisal Checklist Guihan et al. (2012) 
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Appendix 20: EBL Critical Appraisal Checklist Judy et al. (2011) 
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Appendix 21: EBL Critical Appraisal Checklist Quintavalle et al. 
(2006) 
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Appendix 22: EBL Critical Appraisal Checklist Kanno et al. (2009) 
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Appendix 23: EBL Critical Appraisal Checklist Helvig & Nichols et al. 
(2012) 
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Appendix 24: EBL Critical Appraisal Checklist Porter-Armstrong et al. 
(2013) 
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Appendix 25: Systematic Review Checklist5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                          
5
 Systematic Review Checklist. Adapted from Prisma 2009 Checklist, Moher D, Liberati A, Tetzlaff J, 
Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. 
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Section/topic  # Checklist item  
Reported 
on page # 
TITLE   
Title  1 Identify the report as a systematic review, meta-analysis, or both.  1 
ABSTRACT   
Structured summary  2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, 
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and 
implications of key findings; systematic review registration number.  
12 
INTRODUCTION   
Rationale  3 Describe the rationale for the review in the context of what is already known.  13-41 
Objectives  4 Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, 
outcomes, and study design (PICOS).  
42 
METHODS   
Protocol and registration  5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide 
registration information including registration number.  
N/A 
Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, 
language, publication status) used as criteria for eligibility, giving rationale.  
96 
Information sources  7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 
additional studies) in the search and date last searched.  
97 
Search  8 Present full electronic search strategy for at least one database, including any limits used, such that it could be 
repeated.  
226 
Study selection  9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, 
included in the meta-analysis).  
97-98 
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Data collection process  10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes 
for obtaining and confirming data from investigators.  
98 
Data items  11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 
simplifications made.  
96-97 
Risk of bias in individual 
studies  
12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was 
done at the study or outcome level), and how this information is to be used in any data synthesis.  
98-99 
Summary measures  13 State the principal summary measures (e.g., risk ratio, difference in means).  N/A 
Synthesis of results  14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency 
(e.g., I
2
) for each meta-analysis.  
N/A 
Risk of bias across studies  15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective 
reporting within studies).  
N/A 
Additional analyses  16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating 
which were pre-specified.  
N/A 
RESULTS   
Study selection  17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at 
each stage, ideally with a flow diagram.  
101-113 
Study characteristics  18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and 
provide the citations.  
113-130 
Risk of bias within studies  19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).  N/A 
Results of individual studies  20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.  
135-143 
Synthesis of results  21 Present in the main results of the review. If meta-analyses are done, include for each, confidence intervals and 
measures of consistency.  
N/A 
Risk of bias across studies  22 Present results of any assessment of risk of bias across studies (see Item 15).  N/A 
Additional analysis  23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]).  N/A 
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DISCUSSION   
Summary of evidence  24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 
key groups (e.g., healthcare providers, users, and policy makers).  
145-159 
Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 
identified research, reporting bias).  
171-172 
Conclusions  26 Provide a general interpretation of the results in the context of other evidence, and implications for future research.  159-174 
FUNDING   
Funding  27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the 
systematic review.  
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Appendix 26: Gantt chart 
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Proposed Timetable for conducting the Systematic Review, to be submitted June 29th of 2015 
 
Systematic Review 
 
Sept. 
 
Oct. 
 
Nov. 
 
Dec. 
 
Jan. 
 
Feb. 
 
March 
 
April 
 
May 
 
June 
 
July 
Research Question          
  
Literature review 
Search Databases 
 
 
        
  
Chapter on Background for Systematic 
Review 
         
  
Chapter on Methodological issues in 
Systematic Review 
         
  
Data collection            
Data analysis            
Chapter on Results            
Chapter on Discussion of Results            
Chapter on Summary, Conclusion and 
Recommendations  
         
  
Submit Thesis            
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Photocopying        €0 
 
Printing          €170 
 
Stationary          €10 
 
Dislocations          €25 
__________________________________________________________ 
Total           €205 
 
 
 
 
 
